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work. The changes, however, that have been intro- 
duced, will in no way confase the more advanced 
student, even if they do not assist the learner. 

There has been in many cases great difficulty in 
rightly translating terms used in the arts and man- 
nfactares, for the obvious reason that there must be 
many peculiar technical terms in use in Germany, 
where arts and manofactures, euch a® porcelain-mak- 
ing, metallurgy, brewing, winc-making, &c, arc 50 
extensively cultivated. 

‘An important part of the Jubor of translating has 
been performed by a friend, whose familiar knowledge 
of the German Inngunge has been to me of much 
value und assistance. 

Tam alo under great obligations to the Rev. Dr. 
Francis, for his kindness in looking over the pages 
ws they issned from the press, and for many valuable 
suggestions. 


CH 


Cambridge, Sept. 1, 1850. 





x INTRODUCTION. 


of exmys on operative surgery, or the solutions of 
problems in celestial mechanics to lectures on the ar- 
chitectare of the heavens. It is, beyond question, the 
most efficient method to secure a sound and available 
knowledge of the ecience, cither elementary or more 
comprehensive. 

Works designed to teach chemistry by experiment 
are already in use, both here and abroad, but most of 
them take for granted the possession of expensive ap- 
paratus, and a laboratory; scarcely any are designed 
to bring the practical study of the science within the 
means of the more elementary schools;—and none 
are to be found suited to the winter-evening firesides 
all over the country, where the younger and the more 
advanced of both sexes would delight in chemical ex- 
periments, did not the apparently necessary expense of 
apparatus forbid them. 

It is to meet the latter two wants, as well as those of 
@ gerteral text-book, that the work of Professor Stick- 
hardt, edited by my late assistant, Dr. Peirce, ja em: 
inently suited, 

‘The apparatus necessary for many of the most in- 
structive and interesting chemical experiments would 
cout but a few dimes, and as many dollars would fur- 
nizh the requieites for all, or neatly all, the most impor- 
tant experiments, if performed in the simple manuer 
laid down in this book. A few tubes and flasks, a 
spiritlamp, some corks, india-rubber and reagent bot- 
tles, almost complete the list. In consequence of the 
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PART FIRST. 


INORGANIC CHEMISTRY. 
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4 ‘CMEMICAL ACTION. 


properties, its tendency being rather cooling amd seda- 
tive. Search most be made in the air for the oil and 
wood which have disappeared during combustion; both 
‘these substances are converted into vapor or gaa 
‘and vearmth and light are therenpon evolved -with 
the phenomenon of fire. Of a similar nature are the 
changes which animal and vegetable substances under 
g0 if kept for # sufficient length of time; they ure 
gradually converted, as they putrefy or decay, into vari- 
ous kinds of gas, some of which emit a very disagree- 
able odor. 

Such processes, by which the weight, form, solidity, 
color, taste, «mell, and action of the substances become: 
changed, 40 that new bodies with quite different prop- 
‘erties are formed from the old, are called chemical prow 
cesses, or chemical action, 

2 Wherever we look upon our carth, chemical action 
4s seen taking place, on the land, in the air, or in the 
depths of the sea. The hard basalt, the glasslike 
lava, become grarlually soft, their dark color passes into. 
lighter, they cromble to smaller and smaller pieces, and 
ure finally changed to earth, A potato placed in the 
earth grows soft, loses its meuly taste, becomes sweet, 
und finally decays, ‘The bud, that sends forth a sickly 
pale shoot in a dark cellar, when exposed to the light 
and air grows up a vigorous, firm, and green plant, 
whieh, imbibing its nourishment from the moist air and 
soil, forma from their clements new bodies, not to be 
found previously in the water or the air. A delicate 
network of cells and tubes pervades the whole plant, 
imparting to it firmness; these we call vegetable tieeue, 
or woody fibre, We find in the sap, which passes up 
and down through these cells, albumen and other via« 
cous snbstances; in the leaves and in the stake, a 








they are chemically combined. There is a peculiar 
power, which is considered the cause of this intimate 
union, us, in general, of all chemical changes; it is called 
chemical power or affinity, and bodies that possess this 
capacity of uniting with each other are said to have an 
affinity for each other. Accordingly, iron at a red heat 
has an affinity for the oxygen of the air, and at an 
ordinary temperature it has also an affinity for water. 
Adacat changes neither its color nor its weight, whether 
at a glowing heat, or exposed to moisture; we con- 
clude that gold possesses no uflinity for oxygen or for 
water, 

6. A force cannot be seen or grasped; we notice it 
only in the effects which it produces. If we would 
know whether a piece of steel possesses magnetic 
power, we apply a needle, and try whether this is 
attracted by it or not; we then conclude from its be= 
haviour a4 to the absence or presence of magnetism, 
Precisely the same course, that of experiment, must be 
taken, in order to become acquainted with the chemi- 
cal forces, the affinities of bodies for cach other, Every 
experiment is a question put to a body, the answer to 
which we receive through a phenomenon, that is, 
through a change which we observe, sometimes by the 
sight ot the smell, sometimes by the other senses, ‘The 
question hae just been put to iron and gold, whether — 
they have an affinity for oxygen; the iron, converted in- 
to black oxide, gave an anawer to this question, the un- 
changeable gold did not, Every change which we pers 
ceive, every new property which we observe in a body, 
isu letter in the language of chemistry. ‘To learn this 
easily and thoroughly, it is above all things useful for the 
beginner to exercise himeelf in spelling, that is, in mak- 
ing experiments. ‘To give directions for this is the ob- 
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applications, for it consists of elements which but very 
seldom occur. This separating of compounded bodies | 
into simple oncs is designated by the name of analysis. 

4) What changes do bodies undergo, when placed in 
contact swith other bodies? Phosphorus, which is Ob+ 
tained from bones, is Inminous in the air, and is grad= 
ually converted into an acid liquid; it unites with 
the oxygen of the air, as the iron did on being heated — 
to mdness. If the phosphorus is gently heated, this 
union is attended with a vivid combustion, and there is _ 
formed an acid body which is different from the former; 
to which, if chalk be added, a new body is formed, very — 
similar to bone-ashes ; it is in fact artificial bone-ashes. 
‘he number of new bodies which may be produced by + 
the union of the elements with each other, or with com= 
pound bodies, is infinite, and entirely different sube 
stances are often formed, according as the combination 
takes place under the influence of cold or heat, in 
‘water or in air, in greater or smaller quantities. This 
is combination or synthesis. 

e) SG apha ication' co ale 
theory and practice? When the chemist discovers @ 
new ) or & new property in one already known, 
ora new method of synthesis or analysis, he imparts 
his discovery to the apothecary, the physician, the 
farmer, the manufacturer, and the tradesman, that ex 
periments may be institated for the purpose of axcer 
taining whether any advantage, facility, or improve- 
‘ment can be derived for pharmacy, medicine, agricul- 
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changed. By them alone we attain to a scientific in 


Jaws, which presents a clear idea of the subject to the 
‘mind, is called a Theory. 
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247% 
WEIGHING AND MEASURING. 


8 Welghing.— The balance is to the chemist what 
‘the compass is to the mariner. The ocean was indeed 
mavigated before the discovery of the compass; but not 
till after this could the sailor steer with confidence to 
@ certain place, and recover his proper course, however 
often lost. And 80, in chemistry, no systematic method 
of study conld be pursued before the introduction of the 
balance. The balance is the standard, as well as the 
test, of chemical experiments; it teaches us how to 
ascertain the true composition of bodies, and shows us 
whether the questions put, the answers received, or the 
conclusions dmwn from them, are correct or false, 
Hence it eamnot be too strongly recommended to those 
commencing the study of chemistry to use the balance 
even in simple experiments. For the experiments de- 
scribed in this book, a common apothecaries’ balance is 
all that is requisite, 

Such a balance consists of a brass beam, with arms 
‘of equal length, through the centre of which passes 
@ steel wedge-shaped axis, resting on a hardened 
plate, so that the bear, to the extremities of which the 
pans mre attached, may casily vibrate. It is essential 
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M WRIGHING AND MEASURING. 


weight and measure. Its anit is derived from the size 
of our globe. 

In order to define the different localities on this 
globe, imaginary circles, as is well known, have been 
drawn around ity Those which pass round the earth 
from enst to west, the Inrgest of which is the equator, 
are called parallels of latitude (circles of latitude); 
those which pss round the earth lengthwise, intersect 
ing at the poles, meridians (circles of longitude). ‘The 
parallels of Intitude grad 
ually become smaller to- 
wards the poles; the me- 
ridinns, on the contrary, 
are all of equal size. The 
circle, N E'S WN repro- 
sents a meridian or cirole 
of longitude. The fourth 
part of this cirele, or, 
what is the sume thing, 
the fourth part of the oir 
cumference of our earth, 
as N E, is the basis of the French system. This 
quadrant was divided into ten million parts, one of 
‘which was taken as the unit, under the name of meler. 
A meter is about three feet and a quarter in length. 
‘The smaller measures are produced by dividing by ten, 
and are designated by Latin terms; the larger ones by 
multiplying by ten, und are designated by Greek terms. 





Siatler Meusures Larger Measures 
Meter. Meter. 

Decimeter =, meter. Decameter = 10 meters. 
Centimeter =), “ Hectometer—= 100 « 
Millimeter = yh, “ Kilometer « 





Myriarmeter 








18 BPECIPIC GRAVITY, 


flask from the pan, and put the nails into the flask. A 
‘bulk of water will be displaced equal to that of the nails; 
to determine its amount, replace the flaak, after it has 
been thoroughly wiped on the ontside, upon the pan, 
and remove weights from the other pan until the equi- 
poise is restored. ‘The weights taken away (about 32 
grins) form the divisor, and the half-ounce, or 240 
grains, the dividend; the quotient 44°—= 7.4, is the 
specific gravity of iron, of which the nails were made, 

1. Experiment.—If we have to determine the 


Tet 


(Fig. 3, 6) the 
cords of this pan having been previously shortened, 
Weigh the body first in air, and then in water, inmens~ 
ing it an inch deep. As it sinks, the opposite pan falls; 
consequently iron mast be lighter in the water than in 
air, Ifthe iron in the air weighed half an ounce, then, 
in order to restore the equilibrium, it will be necessary, 
as in the former experiment, to remove from the pan a 
82 grains, equal to the weight of the bulk of water 
displaced by the iron, ‘The loss of weight is the eame, 
whether the water be removed from the vessel or mere- 
ly displaced within it, ‘This forma the divisor, and 240, 
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(Fig, 4, a); but in the strongest alcohol, which is much 
lighter than water, it sinks to the highest point, 100°, 
A soale for testing lye (Fig. 4, 4) must, on the contrary, 
have the 0° point at the top of the scale, to which it 
would sink in pure water; for lye being heavier than 
water, the instrament would be more or less buoyed up 
in it, according to its strength. In hydrometers for 


the top, in those for heavier liquids from the top down+ 
wards In most of these scales the degrees are arbi- 
‘tmry ; and in order to convert them into the correspond 
‘ing specific numbers, tables, constructed for the pur 
pose, mast be referred to. 

17. Experiment.— Pour brandy into 4 eylindrical 
jar, and observe the degree which it marks on the 
hydrometer; then put it in a warm place, and, whem 
Jokewarm, aguin note the degree, which will be higher 
than before, as the heat bas expanded the liquid, made 
it lighter, and consequently apparently stronger than it 
really is, ($22) ‘The spceific gravity of all bodies, when 
warmed, ig leas than when cold. On thie account, in 
determining the density of bodies; regard should be 
paid to their temperature, and it has been agreed to 
‘consider 15° C. (§ 24) as the mean temperature. 

Jn the more accurate hydrometers, the em, 
serving us the counterpoise has been i 
trived nlso(to indicate the degroo of oat of the Hquld, 
‘by connecting with it a graduated tube, The small 





2 THE ANCIENT ELEMENTS 


Cohesion. To divide a piece of ice into smaller 
fmgments, a greater force is requisite than to separate 
water into minute portions; whence we infer that the 
particles of the solid ice adhere more strongly than 
those of the fluid water. A certain attracting power is 
regarded as the cause of this difference; it acts on the 
very smallest particles of matter, and is called cohesion 
ot homogencous attraction. In solid bodies, cohesion 
is stronger than in liquide, and in aeriform bodies hard- 
ly a trace of it ean be perceived, 

The Ancient Elements, so called.— Of solid bodies, the 
most widely diffiased is earth; of liquids, water; and of 
the weriform bodies, air. Irom this the ancient phir 
losophers concluded that all solid matter was formed 
of earth, all liquids of water, and aeriform bodies of 
air; on this account they culled them elements, or prix 
mary matter. "They cannot now be regarded as such in 
a chemical point of view, aince they have been decom- 
posed into still more simple bodies; but they may be 
viewed as plysical clements, that is,as types of the 
three aguregute states of bodies. 

20, We have no absolute knowledge of the forces of 
nature, they having as it were a spiritual existence. We 
are nevertheless ae firmly convinced of their reality as 
‘we are of the reality of our own spirit, for we know them 
by their phenomena and effects. A piece of iron, on 
being thrown into the air, falls to the ground, which is 
ascribed to the pawer of gravitation; if exposed toa 
moist atmosphere, it rusts, that is, it unites with the 

of the air. This is the result of chemical force; 
and the force of electricity can free the iron again 
from this union, By the force of magnetism, piece 
of iron, when balanced on a pivot, takes a direction 
from north to south; by the force of heat it ean be 








2 WATER AND BEAT, 


well adupted to serve as a study of the most impor- 
‘tant effects of heat. 


EXPANSION BY HEAT, AND THERMOMETER. 


22. Brpansion of Liquids. — Experiment.— Take the 
tare of « fask,—that is, place it on one of the pans 
of w balance and equipoise it by weights put into the 

pan;—then fill it with water, and ascertain the 
weight of the latter, Warm the flask on a tripod over 
a simple spirit-lamp, moving it round 
gently at first, that the flask may 
heat gradually. ‘The water will soon 
rise, and part of it ran over, When 
S it begins to boil, remove the lamp 
and let the vessel cool, and the 
water will then sink deeper than it 
stood before, How much has been 
displaced is found by its loss in 
weight; it will amount to about yy 

of the first weight. 

‘The burning spirit, or alcohol, heats the bottom of 
the glass vessel, which in tarn communicates heat to 
the water, The heat expands the water, consequently 
it occupies a grenter space than before, and part of it 
must ran over. Hence it follows that warm water 
must be lighter than cold water. If a pitcher filled with 
two pounds of ice-cold water be afterwards filled with 
boiling water, it will weigh about an ounce and a half 
Teas. Aa it cools, it contracts again to its former 
density. 

"The same occurs with all other liquids, and indeed 
also with solids and gusee: hence, it may be stated as 
natural Jaw, that all bodies expand by heat, and con- 
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26 WATER AND HEAT. 


and more rmpidly denotes the variations of heat’ and 
cold. 

The vessel containing the mercury may also be 
regarded as consisting of a flask and tube, but which, 
instead of being joined by a cork, are composed of one 
entire piece. Having introduced into it a sufficient 
quantity of mercury, and sealed the open end by 
fusion, it is immersed in melting snow, and the point 
to whieh the quicksilver falls is marked freezing: point; 
that to which it rises in boiling water, boiling point. 
The space between these two points can now be divid- 
ed into degrees, to form the scale. The degrees below 
the freezing point are of the eame dimensions as those 
above. There are several scales in use, though it is to 
be regretted that more than one has been adopted. The 
most common are the three following: — Reaumer's 
(R.), divided into eighty degrees; the centigrade of 
Celsius (C.), into one hundred; and Fahrenheit's (F.), 
into one hundred and eighty degrees. ‘The difference 
between these can be easily seen in the annexed figure. 

According to R. water freezes at 0? and boils at 80°; 
according to C. it freezes at 0°, and boils at 100°; ac- 

Re cording to F. it freezes at 
RGF 92°, and boils at 212% 

Fahrenheit, a philosophical- 
instrament maker, commenced 
counting, very strangely, not at 
the freezing point, but at 32° 
below it. His scale is still in 
common use in England, and 
the high numbers found in 
English reckonings are thus 
accounted for In Germany, 
Reaumer’s thermometer is used, 











3 WATER AND HEAT, 


27, Expansion of Solids. — If on iron vessel, when 
‘cold, is just large enough to pass through the door of an 
coven, it cannot be removed ftom it when heated. The 
iron bands or tires of carriage wheels are applied while 
red-hot to the frame, nnd on cooling they contract and 
bind the wood-work together with great force. A metal 
lio disk, which, when red-hot, fits exactly into a circular 
box, will, on cooling, become loose, and shake in it. 
‘The tire and the disk both become smaller on eool- 
ing. These examples show that solids also are ex- 
panded by heat, and contracted by cold, and explain 
many of the phenomena of common life, Clocks go 
faster in winter, and elower in summer, becanse the 
pendulums elongate in summer, and consequently vie 
brate slower, while in winter they become shorter, and 
vibrate more rapidly. A piano gives a higher tone in 

| cold than in a warm room, on account of the contrac« 
tion of the strings; a nail driven into the wall becomes 
Jooee after a time, because the iron expands in eammer 
and contracts in winter more than the stone or the 
wood, and thus the opening is gradually enlarged. 
For this reason, in the construction of railroads the 
rails must mot be Inid too close together; in the ar 
rangement of steam-pipes, these must not be too firmly 
inclosed; in roofing, the zinc plates, instead of being 
nailed together, must overlap each other, that they may 
neither tear nor warp on alternate contraction and ex- 


De 
‘Brittle bodies, as glass and porcelain, expand or con- 
tract eo rapidly, by sudden heating or cooling, that they 
break. 


—Wind round a vial two bands 


aand b, Fig. 10, and secure them firmly with thread; 
pass a cord round the vial, between these folds of 
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20 WATER AND ImaT. 


Wind a cord round the neck of the bottle, and move it 
quickly until sufficient heat has been produced to loos 
en the stopper. 

No two solids expand alike; the metals expand the 
most, and all solids Jess than fluids. 

‘The expaneion of gaseous bodica will be considered 
under the head of air. (§ 97.) 

28, Expansion by Cold.— A remarkable exception to 
this law, of expansion by heat, and contraction by cold, 
‘occurs in the case of water. 

Bxxperiment.—A \nrge flask is arranged ns directed 

ea in experiment 23, inserting also @ 
; cylindrical thermometer, @, through 
a hole made in the cork. The flask 
is filled with water to the top of the 
tube B, and placed ina vessel filled 
with snow. A strip of paper may be 
pasted an this tube; npon which the 
level of the water may be marked as 
the thermometer fall, The water as 
it cools will sink in the tube until 
the mercury stands at 4° C.; yet on 
cooling still moro it does not fall any 
farther, a8 we should expeet it would, 
but, on the contmry, it begins to rise 
again, and continues to do so till it reaches the freezing 
point. At 0? C. it stands at the same point as when 
its temperature was at 8° ©, Water is ly 
the densest at +4° C.; all other liquids continue to 
increase in density as they cool. 

29. However unimportant this exception may appear 
at first, our admiration roust be the greater when we 
reflect upon its consequences. Were it not for this, 
our country would have the climate of Greenland. 
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32 WATER AND MEAT. 


break a glass tube, a scratch is made upon it with a 
three-cornered file, at the place to be broken, and then 
it ean be parted by gently pulling with both hands. 

Moat solid bodies become suddenly fluid, as ice, lead, 
&o. 

31. Experiment. — Place one vessel containing snow 
or lee, and another containing « piece of tallow, on # 
wari stove, testing from time to time the melting sub- 
stances with a thermometer; the temperature will re- 
main stationary in the first vessel at 0° C, in the other at 
about 38° C., 20 long as any ice or tallow remains un- 
melted, but when the melting is complete it will com- 
mence rising. ‘The degree of heat at which a body melts 
is called its melting point. Every substance has its own 
melting point, sometimes ubove and sometimes below: 
the freezing point; for example, lead melis at above 
800° C,, silver ut above 1000° C,; volid quicksilver at 
10 C. If these two vessels containing water and 
melted tallow are placed in the cold, it will be observed 
that the tallow soon hardens at about -35° ©. but 
the water not until the mercury has fallen to 0 G, 
‘Thus the congelation of fluids takes place wt about that 
temperature at which they pass from the solid to the 
fluid state, 

Many substances, coal for instance, have never yet 
been melted, and others have never been frozen, 93 
for instance, alcohol; but it is very probable that, whem 
Some method of producing the greatest degrees of cold 
and heat is discovered, we shall succeed in rendering all 
solid bodies liquid, and all liquids solid, 

32. Latent Heat.— Experiment.— Put two vessels 
of equal size on the hearth of a warm oven, one of 
them containing a pound of snow at 0°, and the other 
‘a pound of water at 0°; when the snow is melted, re 
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opment of heat can be explained thus: partly because 
the water, in becoming solid, gives up the heat which 
it bad absorbed in passing to the flnid state, and partly 
beeanse of the chemical combination between the two 
bodies taking place with great energy. A disappear 
ance of heat always ensues when solid bodies become 
fluid; but an evolution of heat, on the contrary, when 
figuid bodies become solid; and thus ia explained very 
simply, for example, why the nir remains cool when 
the snow and ice are melting in the spring, and why 
the weather moderates on the fall of snow. a 

That heat which is felt by uajond ‘whish So baie 
el by the thermometer, is called free heat; it has but» 
feeble wllinity for bodies, and easily leaves them on 
eooling- That imperceptible heat on which the fluidity 
of liquid bodies depends, and which on freezing escapes 
or becomes free, is called /atent heat. Hence a fluid 
may be regarded as a combination of a solid. with In= 
tent heat. 


BOILING AND EVAPORATION. 


34. Boiling of Water.— Water, as is well known, 
boils when heated to a certain temperature. 

ok: — Water, to which 

some sawdust has been added, ix 

heated in a test-tube over a spirite 

lamp. ‘The tube is held by the 

upper part, and rotated for some 

minutes between the fingers, that 

the flame may have equal access 

to all the lower parts of the tube. 

If the water be carefully observed, 

it will be seen that the sawdust ascends on the upper 
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the cooler liquid above, ‘The collapsing of the 
‘of water at the places where these steam-bubbles dis 
‘appear occagions that peculiar noise which 
boiling, and which is commonly called the 
‘the water. When the whole mass of water is beated to | 
100° ©. these bubbles no longer condense, but rise to” 
the surface, where, surrounded by a thin film of water, 
they remain quiescent for a few seconds, and then, their 
watery mantle again sinking, they finally burst. ‘This 
ds the boiling of water. It boils ut 100° C.; other 
liquids boil more readily,— alcohol, for instance, at 
80° C,; others again more difficultly,—mercury, for 
Be SG 

35. Steam.— The space above the boiling water in 
the Interior of the flask appears vacant, butit ia in fact 
filled with seriform water, which has displaced the air 
that wos in it. This acriform water is called seam. 
At is almost 1700 times lighter than water, becanse 
@ quantity of water yields nearly 1700 measures of 
steam at 100° C, Within the flask the steam is trans 
parent and invisible, but in the open air it ascends 
in the form of white clouds, which greatly increase if 
cold air ia blown into the flask by means of a glass 
tube. On cooling, the transparency of the vapor is dise 
turbed, on nccount of the formation of drops of water, 
# wmall and light as to float in the air, Clouds alzo 
consist of this partly condensed vapor. As the con- 
densation increases, the drops become so large and 


heavy, that they desecnd as rain, A thermometer im- 
merged in boiling water indicates 100° C.; if placed in 
the steam immediately above, it shows the same; and) 
this temperature will not rise higher, however long the 
boiling be continued, or however strongly the fame of 
‘the lamp be urged. This is similar to what occurs in 
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and the beaker-glass half an ounce more than before; 
consequently, half an ounce has passed from the for: 
mer as steam, and has been condensed again in the 
latter; and yet this halfounce of steam, which it- 
self was not hotter than 100° C., could heat to the 
boiling point two ounces and a half of ice-cold water, 
‘What is tho source of these 500 additional degrees of 
heat?) They were latent in the eteam, and, on ite 
being condensed, were set free. These were cansed by 
the heat of the spirit-lamp, as must be obvious from 
the above-noted amount of time consnmed. Assuming 
that the time required to boil the water in the first flask 
‘was ten minutes, and also ten minutes for boiling the 
water in the second vexeel, it follows, that the same 
amount of heat which was required for heating two 
ounces and a half of watcr was only sufficient to evap- 
‘orate half an ounce of water; the whole heat given ont 
in the last ten minutes from the spiritlamp must con+ 
sequently have been converted into latent heat. If half 
anounce of boiling water received during the 

tion the amount of 500° of heat, then the steam 
evolved most have given off just as much heat when it 
again nssumed a liquid state; consequently, it must be 
able to raise the temperature of two ounces and a half 
of water at 0° ©. to that of 1002 C. 

‘The property of steam to absorb a large quantity of 
heat, and to part with it again during condensation, 
peculiarly udupts it for the heating of other bodies, the 
buming of them being thus guarded against, as the 
hoat of steam in open vessels can never excced 100? C. 

ies avail themselves of steam in the prepara 

tion of infusions, decoctions, and extracts; it serves for 

many of the processes of cookery, and for the distilla- 

a tion of spirits; it is employed in dyeing and bleaching 
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contain only one or one and a half measures of vapor; 

itie then called dry air, and wet articles are soon dried 

in it by rapid evaporation, But if it be already satarat- 

ed with vapor it is called moist air; and damp articles 

cannot be dried in it, or at least but slowly. If yet more 

vapor be added to this saturated atmosphere, or if it be 

cooled, then the excess separates in visible particles, 
called mist or fog when they lie upon the surface of 

the earth, and clouds when they float in the higher 

regions of the atmosphere. The white smoke which in 

winter is secn rising from the chimneys, the visiblencss 

of the breath in frosty weather, and the smoking of 

rivers in winter and after a storm, are phenomena of 

So same kind. 

+1.) 88. Af the cooling of the air is occasioned by @ cold 

solid body, the vapor is then condensed in small drops 

of water, as may be observed on the outaide of a cold 

glass when brought into a warm room, and the deposit 

of moisture on the inside of our window-panes, when 

cooled by the external cold air. ‘The temperature at 

which this occurs is called the dew-point, signifying the 
temperature at which the air is saturated with vapor, 

Experiment, — Fill a tumbler one quarter full with 

cool water, pluce in it thermometer, and 

Te'S at short intervals gradually add ice or cold 

water, until moisture begins to deposit on 

the outside of the glass. Then observe 

the degre indicated by the thermometer, 

which is the dew-point, If much cold 

water must be added before the gluse 

clouds over, that is, if the dew-point is much lower 

than the temperature of the air, fair weather may be 

‘efpected; while, on the contrary, if the differenee be- 

tween the dew-point and the temperature of the air be 
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2 
ed into ice. Water evaporates slowly, ether rapid- 
ly; and both require heat for their conversion into 
vapor, and in the above experiment they obtain this 
heat from the water in the bulb, which is of course the 
reason of the water becoming cold. On this principle, 
‘one feels cool on just leaving the bath, when invested 
in damp garments, or when the floor of a hot apart- 
ment is sprinkled with water, It explains, also, how 
man is enabled to support the scorching sun of the 
hottest climates, and even to endure a heat of 100° C., 
without his blood exceeding the temperature of from 
88> to 40° C.; it is owing to the mare copious per 
spiration, which, by evaporation, renders all the heat 
above 40° ©. latent. If we blow on hot soup, it is also 
the increased evaporation which cools it more rapidly ; 
but if we blow on the cold hands in winter, they be 
come moist and warm, because the Intent heat cou- 
tained in tho vapor of the breath is set free, as the 
‘vapor is condensed into water, 
41. Distillation. — If evaporation be earricd on ina 
‘close vessel, the water may be collected as it forms. 
Experiment. — A small glass retort is half filled with 
water, and heat. 
ed; the steam, a» 
it forms, passes 
through the neck 
of the retort in- 
to a glass receiv. 
er, contained in a 
‘vessel filled with 
——— cold water, and 
ds there condensed. ‘That the refrigeration may take 
place more mpidly, the receiver is covered with coarme 
, which is frequently moistened by cold 
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Jike water are called now-conductors of beat. In the 
former class are included particularly the metals, and in 
the lutter, stone, glass, wood, snow, water, and eapecial- 
ly cloth, far, linen, straw, paper, azhes, &e. 

‘The conductors ure readily heated, and soon become 
cold again, as is well known to be the case with fron 
stoves. A piece of iron feels hotter in the sun and 
colder in the shade than a piece of wood at the same 
temperature. The explanation of this delasion of the 
wense of touch is, that the warm iron conducts the heat 
more rapidly to the hand, while the cold iron withdraws 
it more rapidly than the wood is capable of doing. 

The non-conductors of heat are slowly heated, and 
also slowly cooled; for this reason, stoves constructed 
of brick (the Russian stove) and those made of Dutch 
tiles, « preparation of clay, retain their heat longer than 
iron stoves. Non-conductors are frequently employed 
both for preventing the quick heating and the quick 
cooling of bodies. Vessels of glass and porcelain are 
placed on sand (a sand-bath) or ashes, to heat them 
gradually, and thus guard against their breaking, If a 
hot liquid is to be poured into them, it must be done by 
amall portions at a time, twirling the vessels round for 
some minutes before adding more. 

On removing a vessel from the fire, the precaution: 
should be taken never to place it while hot on metal or 
stone, but always on some non-conduetor, such a# 
atraw (straw rings), wood, paper, cloth, &e.; as they are 
often cracked by sudden cooling und contraction, which 
is ulso frequently caused by a current of cold aire 
‘Doors of furnaces, ladles, &c., are provided with wooden 
handles to prevent those using them from being burnt. 
Should a person desire to hold a flask ot a test-tube 
while liquids are boiling in them, he must wrap round 


a 





a6 WATER AND MBaT. 


If hot water is poured into the tumblers enveloped 
with paper, and the cooling of it noted by the ther 
mometer, the contrary ellect will be observed; the glass 
covered with black paper will first become cold, and that 
wrapped in silver paper the last; because bodies with 
dull surfaces radinte the heat more rapidly than those 
with polished surfaces. For this reason, coffee retains 
heat longer in.a bright than ina tarnished pot; a stove 
of glazed Dutch tiles remains hot longer than another 
of unglazed tiles; a smooth shect-iron stove, longer 
than a similar one of rough eastiron, &e. 

The radiation of heat enables us to explain some of 
thoee common natural phenomena which otherwise 
would remain obscure. Why do not the mays of the 
sun, even in the hottest summers, melt the snow upon 
the tops of high mountains, which are nearer than the 
level portions of the earth to the sun? Because they 
only heat those bodies which can absorb their warmth, 
as the rough surface of the enrth, ‘The snow is ix 
struck by the rays of the aun, but being & 





heat without receiving any in exchange, and ita tem- 
peratare consequently diminishes. Neither does the air 
to readily part with its heat, and therefore it attains dare 
ing the night a higher temperature than the sarface of 
the earth; it is only cooled where it comes in contact 
with the colder earth. If this cooling should reach the 
dow-point of the air (} 38), then the vapors are con- 
densed, on the soil or on vegetation, in the form of 





water meets with soluble substances, either in the earth 
‘or in the rocks through which it oozes, it dissolves 
them; and this explains why almost all spring-water, 


residue, that articles immersed in them appear in a 
short time to be externally petrified or incrusted. If 
water is ‘nnusually rich in soluble substances, especially 
such as possess medicinal properties, as, for example, 
iron, sulphur, &c, it receives the name of mineral rcaler, 
and the springs from which it issues are called mineral 
springs. A pound of sea-water contains about half an 
ounce of substances in solution. 

Experiment. — Pour a teaspoonful of slaked 
$33) into a bottle, and fill it with water, cork it 
after shaking it for some minutes, let it stand 
haa become perfectly clear. By care- 
the bottle, most of the liquid may be 
free from the sediment, This operation is 


ne 
i 
i 
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of lime; the excess remains undissolved, and as lime fa 
heavier than water, it wettles at the bottom. ‘T'hat a por+ 
tion of it has been dissolved is known by the peculiar 
taste imparted to the liquid. ‘This taste is called alkaline. 

Keep a part of the lime-water in a well-stopped 
bottle for future use; it will remain transparent and 
clear. Pour the remainder into a tumbler, and expose 
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small interstices or pores, through which liquids, but no 
fine polid particles, can pass; these remain on the filter. 
Writing-paper cannot be used for filtration, as its pores 
are filled up by glue or starch. 

48. Experiment.— Pour a part of the obtained sola- 
tion into a saucer, and pass strips of fine blotting or of 
letter paper one or more times through it, until they 
ave wequired a distinct blue color, Preserve these 
strips, after being dried, in a box; they are called blue 
litmus or test-paper; they are reddened by vinegar, 
Jemon-juice, and all acid fluids, and serve to test a 
liquid, to ascertain whether it is acid (has an acid 
reaction). 

Experiment. — Mix cautiously another portion of the 
‘solution with lemon-juice, antil the blac color appears 
distinetly red; this also verves to color paper. ‘The red 
teat-paper is used for the purpose of recognizing n class 
‘ef substances opposed to acids, that is, alkaline or 
basic bodies; these restore the original blue color of 
the paper, as can be seca by bringing it into contact 
with lime-water or moistened ashes. 

49. Experiment. — Add gradually, with constant agi- 
tation, to one ounce of cold water, powdered saltpe- 
tre, as long as it continucs to be dissolved, perhaps 
About a quarter of an ounce; if more is added than is 
necessary, it will remain undissolved at the bottom of 
the vessel. This solution js said to be saturated in the 
cold. If this mixture be boiled, and saltpetre again be 
added, then about two ounces more will be required to 
saturate the water. A thermometer held in this botlimg 
saturated solation will indicate about 108° C., while 
simple boiling water indicates only 100? C. AU saline 
solutions boil and freeze with more difficully than water. 
All bodies soluble in water behave in a similar man- 





the former experiment, at a gentle heat, until seales are 
formed on the surface, then remove it from the fire, and 
let the liquid cool, stirring constantly with a wooden 
stick. In this way, instead of crystals, a powder of 
salipetre will be obtained, 

he mothersliquor, just alluded to, may be regarded 


by 
much water is left as is sufficient when hot to keep in 
solution but a quarter of an ounce of saltpetre, then 
‘erystals begin to appear in the form of a film on the 
colder parta, indicating the saturation of the liquid. If 
this again is allowed to cool quietly, a second crop of 
crystals would be obtained; but by continual stirring 
they are broken at the moment of their formation, — by 
slow movement into a coarse, and by rapid movement 
into a fine powder. ‘This may be called interrupted 
crystallization, Sugar presents a similar example; the 
fame syrap, when cooled quietly, yields rock-candy; if 
‘stirred, it yields common lonf-sugar. 

62. Experiment.— Put into boiling water as much 
common salt as will dissolve, and let the solution cool; 
‘no crystals will form, because salt is as soluble in cold 
asin hot water. Now evaporate one half of the solue 
tion over a spiritJamp, and set uside the other balf in a 
swarm place; in the first case, mere irregular grains of 
salt will be obtained, but in the latter case, after some 
days, regular cubes of salt will be deposited. 

53. Experiment, — Dissolve a spoonfal of anit and one 
of saltpetre in lukewarm water, and put the solation im 
a warm place, that the water may gradually evaporate; 
the two sults, which are intimately united in the sobu- 
tion, will upon crystallization separate completely from 
each other. rae paltnctre apeaen ath tones 


—_. 











Jhessh 


NON-METALLIC ELEMENTS, OR METAL- 
LOIDS. 


FIRST GROUP: ORGANOGENS. 
OXYGEN (0). 
Ab We=100,— 5p. Geb. 


56, Oxvorx may be obtained in great 
from water, by means of the gnlvanic battery; but ina 





piece of cord or wire, or support it by a retort-holder. 
A retort-holder is a wooden stand provided with a mov 
able vice, by which glass vessels can be held in the 
most convenient manner, as shown in the annexed 
figure. Then heat the test-tube until all the oxide of 
mercury has disappeared. The red powder becomes 
black as the heat increases, and bubbles of air escape, 
which are collected in a glass bottle held over the end 
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other, the cold, or at ordinary temperatures, the 
Sn cans annonce 
are so closely united, that chemical 
force is sufficient to hold them to 
ae a raion la tether 


more rendily in this instance, as both the quicksilver — 
and oxygen, having, when heated, a strong tendency to 
become aeriform, Help lle wine; ors 
ical force. 

0A. The bottles containing the oxygen’appeariiaiial 
empty, for oxygen is as colorless and invisible as come 
‘mon air, and is without odor or taste. In Germany 
is called Sauerstofluft, signifying sour gas, - 
<Eesperiment.— Introduce’ a'glowing stevvieg fal 
bottle of oxygen; it will kindle and bum for some | 
time with great brilliancy anda very dazzling flame, 
‘and then be extinguished, ‘The same takes place when 
n piece of lighted tinder is affixed to a wire and 
pended in the oxygen; the tinder burns 
flame, while, as is well known, it merely smonider | 
away in the open air, Oxygen. possesses, at aight | 
temperature, a strong affinity for the component parts 
of wood and tinder; that is, it combines with 

great energy, and consequently with the 
oF heat and light: ‘When. the combination ibaa pnall| 
andthe oxygen is consumed, the combustion ceases. | 
‘The product of the combustion, that is, the combina 





= 








instrament. When wanted fornse, pour into the vess 
as much water as will be suflicient to cover the shelf» 
inch deep, and then invert the vessel intended for t) 
reception of the gas, with its mouth exactly over t} 
opening, placing the extromity of the glaas tube, fro: 
‘which the gas proceeds, directly beneath, so that the gp 
‘may enter it ax through a funnel. ‘This contrivance 
-ealled u pneumatic trough. In order to collect and pe 
serve larger quantities of gas, and to experiment wil 
them more conveniently, special contrivances, call 
gasometers, are used in chemical laboratories. 

61. Chlorate of potassa contains for every one hm 
red grins about forty grains of oxygen chemicall 
combined; by the application of heat, these becom 
free and escape, Red oxide of mercury contains en) 
eight per cent. of oxygen; therefore the former wi 
yield five times more oxygen than the latter. If via) 
of twelve ounces’ capacity are selected for 
gas, we shall be able to fill five of them, and shall hay 
in each about eight grains, or nearly twenty cubi 
inches, of oxygen. 

‘Chlorate of potsssa may, under sorne circumstance 
us when strongly rubbed, or treated with sulphur 
acid, occasion very dangerous explosions; bat no dat 
ger in to be apprehended from the application of 1 
when made as above directed. 

G62 Experiment.— Add warm water to the saltn 
maining in the test-tabe after the expulsion of the ox 
gen, and place the tube in a warm place until the ea 
is dissolved; evaporate the solution grdually, 
stove, when small eubic erystals (chloride of 
sium) will be deposited, ‘The chlorate of potassa ory 
tallizes in thin tables or plates, the heated mass 
cubes; this difference in the form of the crystals alan 

that, by the heating of the former, an entirel 











‘re in a seooped-ont piece of chalk. Fasten 
the latter to a wire, and introduce it into a 
third flask of oxygen. Affix the wire tow 
transverse piece of wood, +0 that the chalk — 
may hang u little below the centre of the 
bottle. If the phosphorus be now touched 
with a hot wire, it will kindle and bum 
with a dazzling brilliancy, filling the bottle 

with a thick white smoke. This smoke consists of « 
chemical combination of oxygen and phosphorus; it 
reddens the blue test-paper, consequently is also an 
acid; it is culled phosphoric acid. If the bottle be 
allowed to stand for a time, the smoke will sink to the 
bottom, and dissolve in the water previously put there, 
which thus acquires an acid taste. 

66. In the same way as the tasteless coal and sul- 
phur and the phosphorus acquire, by combination with 
oxygen, acid properties, so many other simple bodies 
are converted by oxygen into acids; this is the reason — 
why it hna reccived the name ozygen, derived from two 
Grock words, one of which signifies acid, and the other | 
to generate. Thence the words oxidate and oxide, 50 
frequently occurring in chemistry. Ovidate signifies to | 
unite with oxygen, to bur; aride is the product of the — 
combination, and signifies a burnt substance, that is, a 

substance combined with oxygen. The acids 

me just alluded to may also be called acid oxetdles. 
67, Experiment d.— Fix securely to a 

wire a piece of sodium, and let it remain 

for some hours in « bottle filled with oxy> 

gen; it becomes converted into a white 

mass, which easily dissolves in water, Tho 
solution obtained has an alkaline 

similar to lime-water; the color of 

















nature; chemical combinations always toke place accord- 
‘ing to certain fixed proportions by measure or weight. 
‘his doctrine is called Stochiometry (from aroxeiar, ele 
ment, and pirpov, measure), 
| 71. Experiment.— The liquid in the vessel ¢ red- 
[itch 2emed bine teet-paper, and had a sour taste; the liquid | 
inthe vessel d, on the contrary, turned the red | 
blue, and had an alkaline taste. Add the latter slowly, | 

and at Inst only by drops, ta the former, 
mixture frequently with a strip of bine and of red teat | 
pases there will be a point when the color of these | 
) two papers will no longer be changed. ‘The acid and 
alkaline tastes have likewise disappeared, and the mix- 
ture has acquired a slightly saline taste; it is neutral 
‘The phosphoric acid has chemically combined with: 
the oxide of sodium, forming a new body haying no 
‘similarity to cither of the substances of which it was 
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iron) bas united chemically with the ecid; the:yellow- 
ee is a universal 


[bs foriexample; it fa groster under the.infvencent beak 
than of cold, greater where there is an exeess than 
where there is a deficiency of oxygen. Hence many 
‘elomenta frequently consume greater quantities of it at 
@ high than at a low temperature, and when the sup. 
ply is copions than when it is deficient; and this exe 
cess or diminution of consumption is likewise pre- 
seribed by fixed laws, ‘Lhe diflerent proportions in 
which substances unite with oxygen are culled its de 
gress of oxidation. 

76, When sulphur is burt in oxygen gus or in the 
alr, it combines with oxygen, forming sulphurous acids 
but it can be made to unite with one half as much 
more oxygen, and then sulphuric acid is formed. 

When phosphorus is rapidly burnt, it forms with 
oxygen phosphoric avid; but if it be exposed to the air 
‘without the application of heat, or be burnt with: im- 
perfect. access of nix, then phosphorous acid is peinci- 
pally formed, which contains two fifths leas oxygen 
than phosphoric acid. 

Accordingly, by the terms sulphuric and phosphoric 
acids, are to be understood combinutions with more 
oxygen; by the terms sulphurows and phosphorows 
acids, combinations with less oxygen. If an element 
yields more than two acids with oxygen, then new 
ames are formed by prefixing to the acids the terms 
per ot hypo ; for instance, perchloric acid, byposulphuric 
and hyposulphurous acids, &c. 








At Wim 135.— 8p, Gr = 0.068, 


81, Experiment. — Boil some water for fifteen mine 
utes, that all the air contained in it may be expelled; let 
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Pass water in the form of steam, obtained by boiling 
the water in the retort, a (Fig. 34), through a red-hot 
fron pipe containing a spiral wire; for instance, a gun- 
‘barrel, At this high temperature the iron in the pipe 
‘unites with the oxygen in the water, forming black ox- 
ide of iron, and the hydrogen is set frec. This is the 
method by which the celebrated French chemist, Lavoie 
ier, sixty years ago, proved that water is not a simple 
body, but consists of two gases, oxygen and hydrogen. 

83. The decomposition of water by iron is more eux 
sily effected through the presence of an ally, which sup- 
ports the iron in its endeavour to extricate the oxygen 
from the water. Such an ally is sulphuric acid. 

Experiment. — Pat a quarter of an ounce of 

a iron filings into a flask, 
and pour over them two 
and a half ounces of wa- 
ter. Noaction takes place, 
but if half an ounce of 
common sulphuric acid be 
gradually added, at the 
aame time keeping the 

flask in constant motion, ebullition and heating of 
the liquid will immediately ensue. ‘The ebullition da 
caused by the evolution of w species of gas, hydrogen. 
Insert into the opening of the flask a perforated cork, to 
which is fitted a bent glass tube, Allow the first por 
tions of the gas to escape, then collect it, as the oxygen 
‘was collected, in a flask filled with water over the 
pneumatic trough. 

‘There is one indispensable caution to be observed in 
experimenting with hydrogen, which is, not to admit 
the gas into the receiver until all the almospheric air ex- 
‘isting in the flask has been expelled, aa otherwise an ex- 

might take place. 
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have elapsed, the flask will be found no longer to con- 
tain any combustible gas, this having entirely escaped. 
Hydrogen is the tightest of all gases; 14) measures 
of it weigh only a much a one measure of atmospheric 
air, On account of its levity, itis used for filling balloons. 
Experiment ¢.— Ii, instead of the glaas tube, a piece 
of pipe-stem be adapted to the cork of the flask from 
which hydrogen was evolved, and the gus then lighted, 
it will burn like a taper. ‘To kindle the gas, instead of 
fa match or a taper, very finely divided platinum may be 
employed. ‘This ean be prepared in a few minutes by 
dropping « solution of platinum on blotting-paper, ale 
rem  tuching it to a wire, and igniting it over a 
spirit-lamp, till nothing but a gray coherent 
ash remains, The platinum is thus re 

duced to an extremely mimute state of sub 

division, and in this state it exhibits the 

remarkable property of igniting in hydro 

gen and inflaming it, It is called spongy 
platinum, and is cmployed as tinder im the 
well-known Débereiner’s inflammable lamp. 

‘The apparatus here represented consists of a flask, 
having the bottom broken off, and to the neck of which 
the caver af the glass veasel, c, with the cock, ¢,is fastened | 
airtight. A piece of zinc is suspended in the flask by 
means of a wire, If diluted sulphuric acid is now poured: 
into the vessel, c, upon which the cover with the flask at- 
tnehed is placed, then, the cock being opened, that the 
air contained in the flask may be divplaced by the weid 
from beneath, hydrogen is immediately evolved by the 
contact of the zino with the acid, which hydrogen must 
‘be collected in the flask by closing the cock, ¢, the acid 
being thereby forced into the exterior vessel, until it no 
longer touches the zinc. Upon opening the stop-cock, 
¢,the gas issues from the fine jet, and is directed against 
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rig ao. At the desired place, as to be casily drawn out. 
Break it at the slender part, and hold it in the 
flame for some moments, until the sharp edges are: 
rounded off by incipient melting. It would be 
more convenient, though somewhat more expen- 
sive, to substitute for the above contrivance a jet 
provided with a small brass stop-cock. 

‘The bladder thus arranged and filled with oxygen is 
now placed on blocks, at such a height that the point of 
the glass tube shall be on a level with the hydrogen 
fname, produced as explained in a former experiment. 
Press upon the bladder with the hand, and the oxygen 
will escape, blowing into the hydrogen flame, which 
then takes a horizontal direction. This flame has but 
Little brilliancy, less than the hydrogen flame alone, not- 
withstanding which it affords the greatest heat yet 
known. Hold in it a platinum wire, a metal which has 
never yet been melted in the hottest furnace, and it will 
melt like wax; hold in it a piece of chulk scraped to @ 
fine point, and it will emit light (sidereal light) of the 
most dazzling splendor. 
A watch-spring or a 
fine iron wire burs 
in it, throwing ont 
sparks as in oxygen. 
(§68.) Bat what is the 
cause of this 
heat? It is the result 
of the energetic chem- 
ical combination of two 
substances with each 


Fig. 41. 





Exact experiments have shown that two measures of 
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oxygen and two measures of hydrogen, yielding two 

measures of vapor; in weight, of eight parts of oxygen 
See ac iy kcier insignia 
water. 

‘The great difference between the numbers of the 
measures and thase of the weight depends on the fact, 
that one measure of hydrogen weighs sixteen times less 
‘than one of oxygen. On account of the property pos 
sessed by hydrogen when combined with oxygen of 
forming water, the name Hydrogen (gencrating water) 
has been given to it; its chemical symbol is 
ly H. 

«88, The chemical symbols, which, as previously stated, 
are derived from the initials of the Latin names of the 
elements, present not only a very convenient and simple 
mode of designating the elements, but they represent 
also theif atomic weights, which are given at the bead 

PR Beiaiticrent sections. Consequently 0 sigaiSieaiual 
merely oxygen, but 100 parts in weight of it (pounds, 
ounces, grains, &e.); H, notonly hydrogen, but also 12}, 
proportions in weight of it. When two elements are 
in combination, this is designated by uniting together 
their aymbols; HO, for instance, is the formula for 
water, and this indicates, not only that water consists of 
hydrogen and oxygen, but also thut it is composed of 

12) parts in weight of hydrogen (1 At. H) and 100 
parts of oxygen (1 At. O); or what is the eame thing, 
of 1 part of Hand 8 parts of O in weight, In more 
complex combinations, the different members are sepa 
‘rated from each other by & comma, or the sign -}, as will 
be seen in the following sections. ‘The smaller wum- 
bers in the formula placed below the letter modify only 
‘the symbol immediately preceding, but the larger num- 
ders prefized to the sign modify all the symbols as far 
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affinity for a base, coéperates with it and enables it to 
overpower the water, and a base is formed (protoxide 
of iron) which immediately unites with the sulphuric 
acid. The liberated hydrogen escapes as gas This 
sort of aifinity is called 

Zino is frequently used insteed of iron i tho ete 
aration of hydrogen. 


AuR, 


© 90. ‘The earth is surrounded by air, as bya mantle; 
it is called the atmosphere, and is supposed to extend 
about forty-five miles above the eolid earth. The air pos 
geases no color, and is transparent; hence it is invisible, 
and its particles are so casily displaced that it cannot 
be grasped by the hand, But it is rendered obvious 
that the air is material, and fills every space 

fe commonly called empty, by wrapping moist- 
ened paper round « funnel, so that it may fit 

exuctly into the mouth of a flask; if the fan- 

‘nel be now filled with water, the fluid will 

not ran into the flask, a8 the alr contained in 

‘the latter will not let it enter; but if the fan- 

nel be mised a little, the air escapes, and the 

water immediately rushes into the flask. We 

Tear also by the balance that a flask con- 

taining atmospheric air weighs more than it does when 
the air has been exhausted from it, But air is so light 
that 800 measures of it weigh only as much as one 
measure of water, yet the atmosphere presses with 
great weight on the earth and upon every thing there- 
on. But thie pressure is only noticed when the air is 
removed from place, thus leaving it without counter- 
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‘one will rise, but on their removal it will sink. 
‘The same thing happeas with the barometer. Any in- 
crease in the weight or density of the air presves the 
quicksilver up, and the barometer rises; but any div 
mination of weight will make it fall, The height of 
the quicksilver may be read off by affixing to the upper 
part of the tube nscale divided into inches and tenths 
of an inch, The mean state of the barometer is at 
80 inches, and 31 is called a-very high, and 29 a very 
low, state of the barometer. Tn this part of the eoun- 
ets tol reaprepraed north and west winds cause 
the barometer to rise, und the south and east winds 
cause it to fall, The former winds, blowing chiefly 
from the land, are cooler, and at the same time drier, 
than the latter, which pass over the ocean, there be- 
coming saturnted with moisture; the former likewise 
come from colder into warmer, while the latter, on the 
contrary, proceed from warmer into colder regions ; by 
which the capacity of saturation for vapor is increased 
in one case and diminished in the other, Hence it ix 
very natural that, when north and west winds prevail, it 
should rain lees frequently than during south and east 
winds; and that the former winds are dry, while the 
latter are damp. ‘This is perhaps the principal reason 
why barometers are regarded as weather prophets. 
‘Why water does not flow from a jar inverted over 
the pneumatic trough, why it continues to low through 
a syphon after the air bas been exhausted, why liquids 
will not run into a vessel when the alr is confined, or 
why water will only rise to the height of 81 feet im « 
suction pump, are questions that scarcely require far- 
ther explanation. 
94. If the pressure or tension of a confined quantity 
, of nir be increased, by compressing it either directly or 
gs 
“ 








‘of the steam upon the water; but the steam being ean 
densed by the cold water, the pressure was so much 
* diminished, that @ portion of water again became seri- 
form with « boiling motion. In many manufactories, 
‘an appropriate apparatus has been contrived for boiling | 
and evaporating in a vacuum, as, for instance, in sugar 


‘The air is densest at the level-of the sea, and thinner 
in proportion ‘to its distance from the earth, as there is 
Jess air above it, Hence the mercury will stand lower, 
and water boil more easily, on the top of « mountain 
than in the valley below. On the top of Mont Blane 
quicksilver rises only to the height of 16 inches in the 
barometer, and water boils at S19 C. Hence the barom- 
eter and the boiling point of water may be employed 
for ealeniating the heights of mountains. 

96. As water boils more easily under diminished 
pressure, so it boils with more dificully when the pres 
sure is increased. An inerease of pressure can be pro- 
duced, not only by the air, but by the steam of the wa- 
ter itself, if new steam be constantly generated, while 
lite, 
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‘be preased ap into the bulb, replacing the alr whieh has 
been expelled. 


‘98. Current of Air.— A great many phenomena of 
daily occurrence may be explained by the difference in 
levity between warm and cold air, When a fire is 
kindled in a stove for the heating of an apartment, the 
alr immediately in contact with the stove is first heated, 
becomes lighter, and avcends; colder air rashes in to 
‘supply its place, and this is likewise heated anda 
cends; consequently, a constant circulation of air is 
kept up. By a similar circulation, the whole atmos 
phere of the earth is kept in continual motion. At the 
‘equator the strongly heated air ascends and moves im the 
upper regions of the atmosphere towards the poles, while 
in the lower regions the current of cold air flows from the 
arctic zone towards the equator, in order here to re 
store again the equilibrium, disturbed every moment by 
the ascent of the warm air. ‘These regular currents of 
air, the direction of which is somewhat diverted by the 
revolution of the earth on its axis, are called trade-winds. 

In every heated apart 

mo 5. ‘ment, a difference between 

= the heat of the air near the 

ceiling and that near the 
floor is very perceptible, 
If a door or window in 
such a room be opened, a 
current of air is produced, 
the direction of which may 
easily be perceived by 
holding a lighted candle 
in the opening; the flame, 
when held above, at ¢ 
(Fig. 58), is blown from 
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but on being cooled they lose their gaseous form, and 
aveume again the liquid or solid state, Such species of 
air are called vapor of steam; they become gaseous only 
upon compulsion, their natural state is liquid or solid. 


Composition of Air. 

100, The last question concerning air is, What are 
its component parts? for that it is not a simple sub- 
stance, not nn clement, has already been stated, 

Experiment, — Fasten a picce of tinder to a wire, drop 
some alcohol upon it, and hold the wire in a vessel con- 
taining water, so that the tinder may be some inches 

above the water, Then kindle the 

Fis spirit, and immediately place an 

empty flask over it, so that the month 

of it may dip into the water; the 

flame will soon cease burning, and 

some of the water will rise Into the 

faxk, in proportion to the amount of 

air disappearing during the combus- 

tion. ‘The consumed air was oxygen, 

which united with the constituents 

of the alcohol. Close the flask tightly with the finger, 

shake it briskly, and again open it below the water, 

when # litle more water will enter. The air which is 

in the flask is culled nilrygen; it is sometimes culled 

azole (a privative, and Cof, life), from its inability to 

support respiration. It forms the chief clement of at- 

mospheric air; this conaisting of four measures of 
nitrogen, and only one of oxygen. 





cloudiness in the liquid; it is the affirmative answer to 
the question put by the lime-water to the air, If you 
ask, What is the source of this carbonic acid? the re- 
Jy ia, It is formed wherever substances are burning, 
wherever men and animals are breathing, and wherever 
decay and putrefaction are taking place. 

In 100 measures of atmospheric air are contained, — 

79 measures of nitrogen, or N. 
2 4 “ oxygen, «oO. 
aos * © carbonicacid, * CO, 
and variable quantitics of water, “ HO. 

Tn crowded rooms, and other confined places, the ait 
becomes deteriorated; that is, poorer in oxygen and 
richer in carbonic acid. 

‘That the air also contains other foreign ingredients is 
not strange, since it is the constant receptacle of vole 
atile substances and dust. The air coming from the 
Spice Islands, even at the distance of eight or ten miles, 
is impregnated with the odor of cinnamon and cloves: 
‘The dust contained in the air can be discerned im the 
sunbeam, Ko, ‘These ingredients are usually so small, 
that they can be determined neither by weight not 
(ay 

COAL AND FIRE. 


CARON (C). 
At Wi = TS. 
103. If « piece of wood be placed on the hot hearth 





of a stove, it becomes brown, and finally black,—it is 


charred. If water be poured over a buming chip, the 


Intter is extinguished, —it is likewise charred. A ploos 


of linen, when inflamed and immediately smothered, 
becomes tinder. ‘Tinder is charved linew. In the First 


extinguished, 
not made, by wooden pokers, at different parts of the 
ddln, through which fresh air may be admitted, and 


bourhood of the holes, they must be closed, and new 
‘ones made at other points. At last all the openings are 
carefally stopped, that the fire may be suffocated. When 
cold, the wood will be found thoroughly burnt to black 
ness and charred, the shape of the knots and rings 
being still perceptible. One pound of wood yiells 
about one quarter of a pound of charcoal, 


Wate af 105. Experiments with Charcoal. 


4 Exporiment a.— Weigh a piece of freshly-burnt ehar- 
coal, and let it remain for a day in a moist plage ; it 


will now weigh more than before, owing to its having — 


imbibed air and moisture. If the coal be now put into 
hot water, the air will escape from the coal in numerous 
bubbles, being expelled by the heavier water, whieh re 
places the air in the small interstices or pores of the 
coal. ‘The snapping of such couls when placed apon 
the fire is hereby easily explained ; the gases and vapors 
are expanded to such an extent by the sudden heat, that 
the coal is forced asunder, with a sort of explosion. 
Polished steel articles are often packed up in charcoal 


dust, that the air in the interior of the package may be 


kept dry, thus protecting the steel from rusting. Pulver 
ized charcoal, on account of its absorbing power, may 


a 
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quently much surface, attract fluids and gases. A piece 
of charcoal, the size of a walant, is intersected by 
many hundreds of partitions, which, if they could be 
placed by the side of each other, would cover a 
thousand times larger than the piece of coal itself 
covered. The force of attraction of this large surface 
is so powerful, that the coal can absorb from 80 to 90 | 
times more than its own bulk of many species of gus. 
It is very probable that these gnses, by such a compres: 
sure into 80 or 90 times smaller space within the coal, 
become fluid or solid. | 
In the case of spongy platinum (§85, ¢), a yet more | 
cemeteries 
sequence of the absorption of oxygen and hi 
rendering the platinum red-hot. Hoa i, Bat fom 


| 





‘considerable quantitics of ashes) has n gry color, is 
more or less porons, ix very hard, and has a metallic 
Jusire; it burns without forming soot, und gives out an 
intense heat; hence it is an excellent fuel, and em 
pecially adapted for the smelting of iron, and for the 
heating of locomotive boilers. Coke is obtained as a 
secondary product in the preparation of illuminating 
gma from pit-coal. ($118) 

Bone-black (C intimately mixed with bone<ashes, 
and generally also with some azotized substances) is 
obtained by beating bones in close vessels. ‘The coal 
contained in it amounts only to about one tenth part of 
the whole, the other nine tenths being bone-ashes ; but 

this, its decolorizing power is so strong, 
‘that itis preferred to all other kinds of coal as a means 
of abstracting color from the syrup of brown sugar, or 
from other dark liquids. | 

‘Two sorts of carbon found in the mineral kingdom, 
viz, graphite and the diamond, possess very renark~ 
able, yet different, properties. 

Graphite, or plambngo, (crystallized black carbon,) a 
Bray substance, having a metallic lestre, imparts its 
color 80 readily to other bodies, that it is used for mak 
ing lead pencils, and for giving a black polish to irom 
articles, such ax stoves, &c.; it is xo soft and 
‘that jt is added to grease for the purpose of 
friction in wheels and machinery ; it 1s also eo nearly in- 
combustible, that cracibles are made of it, which endure 
‘the strongest fire without burning (blue-pots). 

Diamond (crystallized colorless carbon) is the hardest 
of all bodies. In external uppearance it has not, indeed, 
‘the slightest resemblance to coal, yet it can be entirely | 
burnt up in oxygen, and carbonic acid is the only: prod- 
‘net obtained from it, and exactly so much is obtained 
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ench other regularly, or in some intricate manner, eloth, 
stockings, velvet, &c. Nature also impresses different 
forms upon the same sobstance, but in a still more 
varied and artistical manner. The adaptation of the 
atoms to each other is not rendered visible to ua, even 
by the aid of the strongest microscope; but this theory 
may be regarded as correct, since it explains the sub- 
ject in a simple and natural manner. 

109. Coal and Oryzen.— Conl undergoes no change 
‘on exposure to the air, or when imbedded in the ground. 
It is not decomposed at common temperatures, that is, 
it does not enter into combination with the oxygen of 
the air or of water. But this, ns is well known, takes 
place very readily, when heated to redness, It then 
burns and disappears, with the exception of = small 
quantity of ashes. The heat thas developed is the re- 
sult of the chemical union of the earbon with the 
oxygen of the air, The gas generated is called earboute 
acid, which forme, with lime-water, a white precipitate 
(carbonate of lime), a3 has been stated 
Carbonic acid consists of one atom of earbon. afd two 
atoms of oxygen, consequently its formula is = C O,. 
Tt may also be obtained us follows. 

Carbonic Acid. — Experiment, — Mix 109 grains of 
oxide of mercury with four grains of charcoal, and heat 
‘them in a test-tube (§56). A lighted taper introduced 
into the gas is extinguished, a sign that it contains 
no free oxygen. If you shake it with lime-water, the 
liquid becomes turbid, and on shaking the flask the 
finger is sucked in, of rather it is pressed into the neck 
of the flask by the atmospheric air, a proof that the gas 
was absorbed by the lime-water, and that a vacaom 
‘was produced within the veesel. If the oxide of mer- 
eee Cee hn it would have 
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acid, or © O,, is formed ; but if there is a deficiency of 
alr, then 3 grains of charcoal unite with only half as 
much oxygen, namely, with 4 instead of 8 grains, and 
there is produced but half-made carbonic acid, as it 
were, which is called carbonic oxide gas = CO, Car 
bonis oxide gus is extremely poisonous when inhaled, 
and constitutes what the miners call coal-gas This 
ge is always formed when charcoal burns slowly, for 
example, inn chafing-dish, because the ashes, accumu 
Inting round the coals, obstract the access of air; and 
it is also formed when the damper of a stove is closed, 
before the coal is burnt out, since in this case the 
draught of air, and consequently the supply of sufficient 
oxygen, ig prevented, Notwithstanding repeated warn 
accidents not scldom occur from the fumes of 
* burning charcoal. Carbonic oxide burna, when kindled, 
with a blue flame; it takes up the deficiency of oxygen 
not supplied to it by the air while forming, and is eon= 
verted into carbonic acid; that is, it takes up as much 
again oxygen, and CO becomes CO, ‘The blue flame 
which is always perceived on feeding the fire with fresh 
conls, or in large masses of glowing coals, is baraing 
carbonic oxide gas. 


COMBUSTION. 


y & 11. Every combustion with which we are familiarly 
acquainted i# caused by « rapid chemical union of come 
bustible bodies with the oxygen of the air, and the pro» 
cess may be regarded as one of oxidation. The con- 
sumed or oxidized combustible substances, that is, the 
compound of the fuel with oxygen, are mostly acriform. 
‘Wee call them amoke, which will not support combus- 
tion, It follows from this, that, in order to maintain 
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amps. It ia well known that narrow chimneys draw 
better than wide ones; the air escapes from the former 
hotter and more rapidly; hence a greater quantity of 
cold air is supplied to the fire, causing it to burn more 
freel; 


Secale the upper part of the eylinder of 

a lamp be divided into two 

channela by a partition down 

the middle, the candle will then 

burn, even if access af air be cnt 

off from below, ‘The smoke 

of a glimmering taper will be 

drawn inwards on one side and 

expelled from the other, as indi- 

cated by the arrows in the fig- 

rare; a draught of airscts in frou 

the top to the bottom, which 

supplies the oxygen requisite for combustion; that this 

current of air exists is also made evident by the quivers 
Bs motion of the flame, 

7112. In common lamps air has access only to the 

outside of the flame; hence. combustion 

Me goes on only at the circumference, and not 

simultaneously in the interior, as is indicate 

ed by the dark centml portion. But if air 

be admitted into the interior of the dame, 

this durk portion disuppeare; then a more 

complete combustion is effected, with the 

production of increased light. On this 

principle the so-called Anrand lamps are 

constructed, to which are adapted cirenlar 

wicks, so that the air has access, not only to 

the exterior surface of the flame, but is ade 

mitted from below directly through the con- 
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‘coil of fine platinum wire, being raised toa white heat 
Lelrelmornlesiyepic ss 
Te quickly into a beated 

a teaspoonful of strong piri = eae been 

poured, it will continue to glow in the va- 

por of the alcohol, whilst it would soon have 

ceased glowing in the air. The alcohol an- 

dergoes a slow combustion, thatis, it anites 

with a small quantity of oxygen, and the 

heat thus liberated is sufficient to keep the 

wire red-hot. A disagreeable sour smell will also be 
perceived, proceeding from the new combination formed 
between the alcohol and oxygen during the slow 
combustion, and which may be regarded as partially 
burnt alcohol. When alcohol is kindled, it burns briskly 
and completely, and the products emit no smell; there+ 
fore the combinations formed during the rapid. ot com 
plete combustion must be different from those formed 
during the slow or incomplete combustion, Something 
similar to this ie perceived with all other combustible 
bodies. ‘The unpleasant odor caused by the singeing 
of the hair, the scorching of wool, the boiling over of 
milk, and the dull burning of blotting-paper, is the conse= 
quence of incomplete combustion ; if they had been com- 
pletely burnt, no bad smell would have been observed. 
If in the lust experiment ether be substituted for aleo- 
hol, and the wire be brought to a white heat, it will 
canse it to burst into flame; but the red-hot wire will 
not kindle it. The temperature of the red-hot wire ix 
not sufficient to produce rapid combustion of the ether, 
but a stronger heat is required. As phosphorus did 
not inflame until it was heated to 70° C,, nor ether an- 
til a higher temperature was attained, so nll combusti- 
ble substances require a certain degree of beat at which 





application of this principle for the prevention of the ex- 
plosions so often occurring in coal mines. In many 
mines a combustible gas (fire<lamp, or light carburetted 
hydrogen) issues from the fissures of the coal, which, 
mixing with the atmospheric air, forms an explosive gas, 
which might be fatal to the miner who should carry = 
lamp into a vein filled with such a gas Bat 
if the flame be inclosed within an iron network, the ex« 
plosive gas would only burn within the cage ; the miner 
‘thus warned has time to withdraw, und this dangerous 
gue is afterwards expelled by appropriate means, (Du- 
y's Safety-lamp.) 
115, Complete Combustion.—In the combustion of 
hydrogen, water is formed ($87), and in the combustion 
of carbon, carbonic acid (§§ 63, 109). Both of these 
products are also formed in the combustion of most 
other substarices familiur to us, as these generally eon 
tain hydrogen and carbon, on which depends thelr ea- 
pacity for burning, 
Experiment. — Invert an empty flask over a buming 
te, Candle, #0 that it may receive the hot gases 
as they form; it becomes clouded on the in- 
side, from the deposition of moisture which is 
condensed from the smoke upon the cold sure 
face of the glass, This smoke consequently 
contains vapor. ‘This explains why, on heat 
ing a vessel aver a lamp, moisture is depos 
ited on the ontside as long as it remains cold. 
‘Pour lime-water into the flask, and agitate it. 
‘The liquid will become turbid, and 

on standing, a white powder (carbonate of lime); thas 

the smoke contains also carbonic acid; some 

also must of course be present, as it existed in the at 

mospheric air which was used in maintaining the fire. 
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mon villamp, so as partly to suppress it, The 

being u good conductor, not only cools the flame, but 
it also obstructs the draught of air; a part of the car- 
bon, therefore, remains unconsumed, and is deposited 
as soot upon the spoon, In this way watchmakers pre | 





not be heated above 100° ©. as long as it contains 
water, and at this low temperature it is only incom- 
pletely consumed, 
117. Hluminating Gas and Flame,— Experiment.— 
To acquire a clearer understanding of the products 
incomplete combustion, put into a large: 
Pom test-tube some wood-shavings, and heat 
it, having previously adapted to the 
opening cork, provided with a glass 
tube or a pivee of pipe-stem (Fig. 69). 
Tho gaseous matter which is formed 
will pass through the tube, and, on be- 
ing kindled, will burn with 2 luminous 
flame. Previously to being kindled, the | 
shavings emit a sour and empyreumatic | 


odor; this smell, however, vanishes ene 


gaseous on combustion can only glow, but cannot 
barn with a flame. Some chnreoa! will remain on- | 
burnt in the test-tabe, owing to a deficheney in the sup 
ply of air An application of this ptinciple is made _ 
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a8, §446) ; owing to its larger proportion of hydrogen, 
it is lighter, and, on acconnt of its smaller proportion of 


($603). ‘These two gases (H, Cand H, C,) form the 
principal constituents af the common illaminating gas. 

119. Experiment, — Heat some picces of wood, and 
conduct the volatile matter through a tube into a flask 
immersed in cold water, and adapt to the cork of the late 


Fig. 7h. 





ter another open tube, for the escape of the iuminating: 
gas. Two fluids will be condensed at the bottom of | 
the flask; one a very thick viseid fluid, and the others 
thinner watery substance. ‘The first is called wood | 
tar; it is resinous, and Is therefore insoluble in water 
The other is called wood-vinegar, or pyroligneous 
Acid; both its taste and action npon blue testepaper ine 
(dloste ‘that {t is en weld, Mluminating sas, woodstar, 
and wood-vineyar did not previously exist in the wood, 
but were formed during the incomplete combnation 
from its constituent parts, carbon, hydrogen, and oxy- 
gen, Such new-formed substances are called 

and in the present case, moreover, products of the in= 
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hear the margins of the ame, while in the interior it 
will remain dark; consequently, the external part ie 
much hotter than the central part of the flame. The 
point of greatest heat is indicated by the mark in the 
figure, and vessels to be heated over the spiritdamp 
should never be placed below this point. ‘This may be 
rendered very evident by applying a friction-mateh to 
this part of the flame, when it will take fire at onoe; 
but not so quickly if thrust into the centre of the flame. 
122, In the flame of a lamp or candle, three portions ean 
be distinguished; in the middle (a, Fig. 73), 
Me™ the dark centre, consisting of illuminating gas 
(decomposed tallow); around this (b), the 
luminous cone, consisting of buming hydro- 
\ gen, intimately mixed ochre ge 
\ heat; and om the very outside (¢) a 
scarcely perceptible veil, in which carbon is 
burning. If a horizontal section, through the 
centre of the flame, be supposed, it would 
present nearly the same appearance as in 
Fig. 74. The middle circle is curburetted 
hydrogen, or illuminating gas; the 
hydrogen of which burns frst, and 
the great warmth thas evolved brings: 
the carbon to a white heat (this 
is indicated by the second elrcle); 


Pe 1 
and finally, in the exterior circle, the 
carbon is consumed. ‘The heated 
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of solid bodies ; water, of liquid ; air, of aeriform bodies; 
and fire, as the type of the natural forces. 

5. The single particles of bodies are held together by 
a power called cohesion. It is strongest in solid, and 
Weakest in acriform substances, od 

6. This force is weakened by heat, strengthened. 
cooling; iin mi ya te le 
* particles ure removed from each other; by cooling, 
the contrary, they are again contracted into a smaller) 


space. 

7. Heat also changes the aggregate state of bodies; 
it renders solid bodies liquid {melting), and liquid bode 
ies weriform (evaporation, boiling). 

8. On cooling, gaseous bodies become fluid (clistil« 
lation, rain), fluids become golid (hardening, freezing}. 

9, On the melting and evaporation of solid and fluid 
bodies, heat becomes combined or latent (production of 
cold); on the freezing of fluid and the condensation of 
gaseous substances, heat becomes free (production of 
beat) ’ 


10, All bodies contain, accordingly, latent heat, and 
the flnids always leas than the gaseous, 

i. Bold bocce also become \Guid] by ealetianrini 
liquid, If they separate again from such solutions in a 
regular form, they are said to be crystallized. ‘Movable- 
‘ness and time are necessary for crystallization. 

12, Gaveous bodies which on cooling eusily beeome 
liquid, are called vapors; those which are converted 
into liquids with difficulty, or not at all, are called 





gases, 
13, Cohesion of bodies can also be destroyed by ent 
ting, breaking, &e.; hereby their form only is 
their original constitution remuining the same. These 
ure exterior or mechanical changes. 
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us METALLOUDS. 

23. Heat is evolved during almost all chemical 
changes, and not unfrequently gives rise to the phe- 
nomenon of fire (combustion). 

24. What is ordinarily enlled combustion is a combi+ 
nation of carbon or hydrogen with the oxygen of the 
air,—an oxidation. 

5, To oxidize signifies to combine a body with ox- 


27. Acids and bases huye a very great affinity for 
cach other; when they combine together, the acid prop- 
erties of the former and the basic properties of the lnt- 
tor disappear (neutralization). ‘The newly formed body 
in called a salt. 

28. The chemical elements are designated by the in 
itial lotters of their Latin names (chemical symbole) ; 
from the latter chemical formulas are constructed, 
which represcnt concisely the constitution of the com- 
pound bodies. 


SECOND GROUP OF METALLOIDS: PYROGENS 


BRIMSTONE, SULPHUR (5). 
‘At Wi= 200,—Sp. Gr, = 20, 

122, Sunrsor, an article very familiady known, 
which, on account of its easy combustibility, is em- 
ployed in the manufacture of matches, &e., has nei- 
ther taste nor smell. It has no faste, since it is not 
soluble in water, When we throw some flowers of 
sulphur into cold or hot water, it ix nat dissolved. We 
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If the sulphur is allowed to cool quietly, without de- 
canting the liquid portion, this also will become eolid, and 
such a dense mass of crystals will be formed, that there 
will be no vacant space between them. ‘This mass, on 
being fractured, presents a glistening appearance, owing: 
to the reflection of light from the surfaces of the minute 
erystals Such a body is said to be crystalline, or to 
have a crystalline structure. 

196, In. different, parts of the. world, ,partioularly, In 

voleanic countries, large beds of sulphur (native sul- 

phur) are not unfreqnently found, and, in these bede, 

fissures and cavities studded with the most beautiful 

erystals, which required, perhaps, centuries for their fore 

mation, These mative crystals have a very different 

vig form from those artificiully prepared, They 

occur in pointed four-sided applied 

ave to base (Fig. 76); auch a form is called 

an acute octahedron, because contained under 

eight acute triangles. ‘Chas sulphur, like ears 

bon in diamond und gruphite, axsumes two 
arene eas At is dimorphous, 

127. Experiment. — Sulphur may be made to 

assume still differont state, Heat a teat-tube, support- 

te”. ed by means of a wire twisted round 

. it, and filled with powdered sulphur, 

over a spiritdamp; on fusing, the sul- 

phur rans together, so that it only bralf 

fills the tube, The sulphur first be- 

comes thin, like water, but on farther 

heating it becomes brown, and so 

thick and viscid that the tube may be 

inverted without the sulphur flowing 

oot Thrown into water while in 

this condition, it forms a (runsparent, soft, elastic mmes, 














14 ‘METALLOIDS. 
Introduce the’ longer limb ofthe tabs! tatova: botie 


rf. pheric air contained in the flask 


wise imparts its fetid 

eggs. This gas is 
hydrogen. 'The decomposition in this case is similar to 
that effected in the preparation of hydrogen from iron 
(§84). Water is decomposed, its oxygen unites with the 





the sulphur contained in the sulphuret of from 
light, gaseous hydrogen possesses in a great degree the 
power of rendering other bodies aeriform on uniting with 
them, even those which are not volatile or have but a 
slight tendency to become so; just as an eloquent 
can communicate hie enthusiasm to a 

and indifferent andience, Even carbon, which haa never 
been liquefied, is converted into a light gaa when com- 
bined with hydrogen, as in illuminating gas. 

When the disengagement of the gas ceases, add some 
diluted sulphuric acid that the gae may again be gemer= 
ated. "The water is known to be sniurated with the gua, 
when, on shaking the bottle, the finger by whieh the 
‘opening is clozed is no longer sucked in, or, more cor- 
rectly speaking, pressed in; one measure of water cone 
tains two and a half measures of gas in a saturated 
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orange-red color, 
arsenic a yellow, and sulphuret of zinc a 9 

Op this is partly based the wyrleatin of eipeese 
hydrogen a4 a re-agent, that ix, as a means of detecting 
many metals. Wine containing lead is blackened by 
hydrosulphurie acid, which for this reason is called 
Hahnemann’s wine-test. 

) Many metals are precipitated from their solutions 
by the addition merely of sulphuretted hydrogen, ax 
sulphurets; for example, copper, silver, gold, lend, mer« 
cury, tin, antimony, and arsenic (these are called efece 
eet and others are not j 
until a stronger base is added; for example, iron, zine, 
mazganese, cobalt, and nickel (these are called electra- 
positive). Sulpburetted hydrogen may accordingly be 
used to separate one class of metals from another; it is 
therefore un important meuns of separation in analyte 
ical chemistry, 

434. Hydrosulphuric acid has, ae already mentioned, 
the formula H. 8, which indicates that it is composed of 
one atom of hydrogen and one of sulphur, and the simi 
larity of this formula to that of water, H O, is apparent. 
Lead paper is used for the detection of sulphuretted 
hydrogen, by which it is colored brown ar black. Tt is 
made by passing strips of paper through a weak solu- 
tion of sugar of lead in water. 

135, It is well known, that doring the decomposition 
of animat substances, blood, flesh, hair, urine, excrement, 
white and yolk of eggs, &ec.,a putrid odor is evolved; 
this is owing to sulphuretted hydrogen, which is formed 





1 METALLOWS. 

violence, and might occasion dangerous wounds. It 

may catch fire even when lying upon blotting paper, par- 

ticularly in summer-time, or chy besten el 
i ‘Hence it must be kept, and also cut, under water. On _ 

being taken from the water, it should be held by a pair | 

of foreeps, or be stuck on the point of a knife. Prox 

Se ae 

tities only ata time, and to have a vessel of | 

ee nee en naan 


aan Phosphorus is, in ite properties, closely albeaita 


- In winter it is brittle, in summer flexible as 
wax, When pure and freshly prepared it is colorless, 
transparent, and amorphous, but aftera time it becomes: 
yellow, and coated over with a hydrated white crust, — 
Phosphorus is insoluble in water, but soluble in ether, 
leobol, sulphuret of carbon, and oils, 

Phosphorus is an exceedingly violent poison, and ia 
for this reason frequently employed for the extirpation 
of rats and mice. ‘The rat electunry, so called, (phos 
phorus dough) is composed of 1 dram of phosphoras, 8 
‘ounces of hot water, und 8 ounces of flour, 

140. Experiments with Phosphorus. 

Experiment a.— Put into a emall flask, first a quarter 
of an ounce of ether, then a piece of phoapharns, of the 
size of a pea. Cork the flask and let it stand some 
days, frequently shaking it, Decant the liquid; it con- 
tains in solution about one grain of phosphorus, and 
will serve for the following experiments, 

Experiment b.— Pour some drops of this solution 
upon the band, and rab them quickly together; the 
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phoric acid. The experiment is also well adapted for 
oon the principle of dranghts im chimneys, &e. 


144. Phosphorus was formerly obtained from urine, 
and is now universally prepared from bones, Bones 
consist of gelatine, lime, and phosphoric acid (P Q,). 

"The gelatine is removed by calcining the bones, I 
is burnt. 

‘The Lime is removed by sulphuric acid. Sulphate of 
Hime is formed, 

Tho axygen (0, is expelled by ling 

Phosphoric} the bones with charcoal (carbonic acid 

acid. gas is disengaged). 

Phosphorus (P) remains behind, 

‘As phosphorus is volatile and highly inflammable, 
the phosphoric acid and charcoal are heated im a close 
‘vessel, commonly in an earthen retort, the beak of which 
dips under water contained in the basin, where the 
vapor of phosphorus is to be condensed. This process 
is accordingly one of distillation. The earbonic oxide, 
together with some phosphuretied hydrogen and ear 
buretted hydrogen gas, escapes through the water, 

Charcoal, at a glowing hent, has the power of ab- 
stracting oxygen from almost all acids and bases, as im 
this case from phosphorus, or, chemically speaking, to 
deoxidate or reduce them; thus carbonic oxide (CO), 
whieh escapes, ia formed from carbon and oxygen. 
Almost all metals are obtained from native metallic 
oxides or ares, by heating them with eharceal. 


PHOSPHURETTED HYDROGEN (P Hy). 
146. Experiment. — Put into an ounce flask a quarter 
of an ounce of slaked lime, and a plece of phosphorus the 
size of a pea, fill it up to the neck with water, and place 
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compose the water, in order, as it were, to 

‘own eagerness to unite with an acid. 

the name which this kind of uffinity bas received; it is. 
called disposing affinity. This term expresses an affine 
ity, an cager desire to combine with a body not yet 
existing, but which body may be formed. from the éle- 
ees Seeeers and which ic tn oaliy oma eae 


quenee of this desire. 
147. If we now reflect upon the 

ing bydrogen (4 84) und sulphuretted yodnogen 18a) 
‘we shall sce that in both of these instances « disposing: 
affinity is also exerted. But the impelling body, in 
these instances, is an acid,—the powerful 

acid. ‘This acid has a strong desire to unite with 
a base, and it urges the iron to convert itself into a 
base, which ix readily accomplished when the iron ¢om- 
bines with the oxygen of the water, The other ele= 
ment of the water is thereby set free, and escapes as a 
gas, in the first case alone, in the eocond accompanied 
by sulphur, which the iron releases at the moment 
when it combines with the oxygen, for which it has a 


preference. 

JAS. Tt may, perhaps, be asked why the eulphurio 
acid did not immediately combine with the metallic 
iron, or the lime with the phosphoras; this conld not 
take place, as simple substances, with but few: 
combine only with simple ones, and compound only | 











3. When a body is suddenly precipitated from its 
| liquid or gaseous state, a8 a solid, it is then obtained as 
| ‘a fine dust (milk of sulphur and flowers of sulphur). 

4, All finely divided and porous bodies eagerly ab- 
{ sorb gnses, and condense them within their pores; in 

‘many cases this is done so powerfully as to force the 
gwses into chemical combination (spongy platinum, 
charcoal). 
| ‘5, An incomplete combustion or oxidation takes place 
| when the supply of nir is deficient; a slow combustion, 
‘when substances combine with oxygen at the common 
temperatures; but a complete and rapid combustion, 
when the union takes place at a high temperature, and 
with an abundant and constant supply of air, In the 
two former cases, lower degrees of oxidation are formed, 
and in the Inter, higher degrees of oxidation, 
| 6. In chemical reactions the right of the strompest 
prevails; a stronger chemical substance can expel & 
weaker from its combination, and replace it, ‘his is 
ealled decomposition by simple elective affinity: 

7. Decomposition by double affinity takes place when 

two combinations mutually exchange elements. 

8. Ifa single or double elective affinity is caused by 

the presence of a third body, commonly a strong acid or 
a strong base, it is called disposing affinity. 

9. Deoxidate, the opposite of oxidate, is a term ap» 

plied to the depriving compounds of their oxygen. 

10, In order to detect chemical substance, and to 

separate it from others, the solution of it is mixed with 
| reagents, that is, with such bodies as form with it an 
| insoluble compound (precipitate), or change its color, 
smell, &e.; such changes are enlled reactions. 

1. Stasis te percel vos (only tk Bisa eae 

only in volatile ones. | 


Pa | 





40 MRTALLOLA, 
prived of the hydrogen, the chlorine is set free, ‘This 
is done in the following manner. When muriatic acid 
is added to hyperoxide of manganese (Ma O,), the 
oxygen of the manganese takes from the muriatic acid 
ite hydrogen, and water is formed, but simultancous- 
ly also hyperchloride of manganese (Mn Ci), from the 
liberated manganese and chlorine. The 
of manganese, however, loses at a very gentle heat half 
of its chlorine, just as the oxy 
7. gon escaped from the hyper 
| oxide of manganese ata glow- 
rw ing heat, only it loses it far 
more readily. From hyper 
chloride of manganese, there is aceordingly formed prow 
tochloride of manganese and free chlorine, the latter of 
which escapes as a yellowish gus. Mn Cl, ie resolved 
into Mn Cl and Cl. 

If the oxygen of the manganese is previously expelled 
by heat, and then conducted into muriatic acid, it no 
longer possesses the power of withdmwing from the 
acid its hydrogen, and consequently no chlorine will be 
evolved. Oxygen hus this power only ut the very 
moment when it is separating from its combination 
with another body, that i, in its nascent stale. When 
actually liberated, it has far less inclination to aban- 
don its freedom. This peculiarity appertains to other 
elements, and it is often taken advantage of to force 
into combination such bodies as have but slight affine 
ity for other bodies, and which combination could not 
have been effected in a direct way, 

Chlorine is not only obtained from mangunese, but 
from all bodies which part easily with their oxygen, 
as, for instanee, chlorate of potasea, red lead, &e., by 
heating them with muriatic acid. 


a 4 








142 METALLOIDE. 


materials, may now be rendered perfectly white 
a few hours; while, by the old method of 
‘on the grass in the san, weeks, and even 
required for effecting it. This method | 
is called quick bleaching, the other is | 
Bleaching. The modern method is very excellent, 
does not in the least injure the strength of the fabric, 
provided all the chlorine be completely removed a 
after the bleaching is finished, which is not so 
done as many bleachers snppose. If this precaution is | 
not observed, or if the chlorine water is too strong or 
in excess, then indeed, ufter the color is destroyed, the 
fibres of the yarn or fabric itself will be attacked. The 
fwult is not to be attributed to the chlorine, but rather 
to the injudicious application of it. A salt has Intely 
been introduced into commerce, under the mame of 
antichlorine, by means of which, if any chlorine should 
happen to remain in the bleached materials, they will 
not be in the slightest degree injured by it. As the 
health of the laborers is endangered by the use of chlo- 
rine gas or chlorine water, chloride of lime is now 
substituted, a salt in which chlorine is chemically com- 
bined, but from which it may be easily disengaged on 
mere exposure to the air. 

Experiment d.— Apply chlorine water to ¢ 

and nauseous substances (water from 

nure, rotten eggs, &c.); the bad odor will 
tirely vanish, Thus it not only decomposes alors, but 
also the volatile combinations formed during decay, and 
which occasion disagreeable odors, Te.acts in a similar 
manner alo upon morbilic matter (malarin, minsin), 
which, being diffused in the air or attached to clothes 
and beds, may communicate disease. Chilorine is there- 
fore a powerful disinfecting agent, and is used for purl 
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Ml animal and vegetable substances contain hydrogen, 
which Je taken from them by chlorine, Bat if a sine 
gle chemical pillar falls, the whole chemical structure 
tumbles with it, By the abstraction of the hydrogen, 
the coloring matter becomes colorless, the odorous prity 
ciples scentless, the morbific matter innoxions, insoluble 
substances ure very frequently rendered soluble, &e. 
Experiment f,—Dissolve in a test-tube a smull quane 
tity of green vitriol (salpbate of 
Pig. iron), in cold water, and add to 
the solution a few drops of sul- 


Cs 
soa 


phuric acid; then, some chlorine water; the elution will 
immediately assume a yellow color. In this case, also, 
the water is decomposed; the hydrogen passes to the 
chlorine, but the oxygen is not liberated, since it here 
meets with a body which already contains oxygen, but 
which is capable of receiving still more, namely, protox- 
ide of iron, ‘This becomes more highly | 
the yellow liquid now contains sulphate of sesquioxide 
of iron. Consequently we have in chlorine water a 
powerful oxidizing ment, by means of which we cam 
easily convert protoxide sults into sults of the sesqui- 
oxide or peroxide. 

Experiment g.— Put into chlorine water some pure 
gold-leat'; it will soon disappear, as the simple element 
chlorine combines with the simple element gokk ‘The 
combination is called chloride of gold; it is soluble in 
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M6 MR TALLIES, 
‘it will move rapidly round, just as in common water, 
with « hissing noise, und finally disappear; but if a suf 
ficient quantity of the chlorine was present, the liquid — 
will not afterwards give a basic reaction, as in the ex- 
periment in § 67; neither will it have an alkaline, but 
a snline taste. If allowed to evaporate gradnally over 
@ warm stove, small cubic crystals remain behind, the 
constituents of which are chlorine and sodium. ‘Thus, — 
from these two elements « salé bus becalfortek ees 
iarly known as common salt, | 
154. Chlorine, like oxygen and sulphur, wala 
in several proportions with other enbsetances. ‘Thms, 
there are different chlorides, as well aa different — 
oxides and sulphides. The combinations containing — 
smaller quantities of chlorine are called 
rides; those containing larger quantities are called 
perchlorides. 


IODINE @). 
AL WE = 1586, — Sp. Gr. = 5. 

155, Iodine is a solid body, somewhat resembling 
plumbago; it smells a little like chlorine, has a pungent 
taste, and stains the skin brown. 

Experiment. — Put 24 grains of iodine into a flask 
and pour over them half an ounce of strong aleohot; #£ 
the iodine is pure it will entirely dissatve. This dark 
brown solution is called tincture of iodine, Water dis- 
solves only a trace of iodine, but yet is rendered yellow 
by it 

U Bperinent.— ot # little iodine upon & knife, and 
hold it over the flune of a lamp ; the iodine melts, and 
fs afterwards converted into « violet-colored gras, —fo- 
dine fumes, As the iodine fumes are nearly nine times 
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Bath of these two substances are faithfal companions 


these bodies have poisonous properties. 


FLUORINE (FI). 
At We. = 259. 
Fluorine is likewise an element having similar prope 
ertics to chlorine, but it is hardly known in its isolated 


state, ‘Che mineral known as fluor-epar, crystallizing 
in cubes, consists of fluorine and calcium. 





CYANOGEN [C:N or Cy). 
At. We ow 323.—Sp. Gr. m= 1.8. 

167. Prussion-blue, universally used asa pigment, con- 

sists of iron, carbon, and nitrogen. But both the twolat- 
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180 METALUOIDS, 


RETROSPECT OF THE HALOGENS (CHLORINE, IODINE, 
BROMINE, FLUORINE, AND CYANOUES. 


2% Water can dissolve, not only solid, but gaseous 
bodies; for instance, chlorine, sulphuretted hydrogen, 
&e., and the more of them the colder it is, 

4. Not only heat, but light aleo, may effect ar de= 
atroy chernical combinations. 

6. A body has a greater inclination to combine with 
another body at the very moment when it is separated 
from a combination (nascent state), 

6. Thero are, also, by way of exception, compound 
bodies, which, just as if they were chemical elements, 
can combine with simple bodies (cyanogen). 


FOURTH GROUP OF METALLOIDS: HYALOGENS. 
BORON (1), 
At We 136, ond 
SILICON (5}- 
At We ww 277, 
168. Both of these substances occur, in nature, only 
in combination with oxygen; boron but seldom, us im 
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water. For this reason, nitric acid is often used for | 
for instance, copper and brass 
‘during the process of annealing, tolder 
‘become covered with a conting of 
primecperiaresc bce 








ye 
evolution of a yellowish-red vapor of a | | 
as its name implies, less oxygen than nitric acid, The 


In ‘case nitric acid exerts, as we sce, a double — 
ie cae ent ee ete ae 
with the oxide formed. The lead is 
Sarsd, but 1 ls sbvicas tual eae 
kind of solution from that of common salt or engar in — 
water. Tho salt and sugar are unchanged in the solu- 
tion, while the lead is not contained im the liqnid aa a 
metal, but as a salt, a nitrate, The same thing. 
with all other metals which ‘are soluble in nitrie acid; 
uv ateintys int ag 





boiled in it, becomes carbonic acid; sulphur, 
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168 ACIDS. 


2) Nitrows Acidt (N O;). 
1GL. This acid is always produced as 9 disagreeable 
secondary product from nitric seid, when this, as in the 


‘a blue liquid. As the inhalation of these vapors is in- 
jurious to the lungs, experiments performed with this 
acid should always be done where there is.a free cirou- 
lation of air. 

Funing Nitric Acid. — Nitric acid will dissolve large 
quantities of nitrous acid fumes, and is thereby con- 
verted into a reddish-yellow liquid, which in open yea- 
sels gives off the same colored fumes. It is then ealled 
fuming nitric acid (NO, -+-NO,). On dilution with 
water it becomes, first green, then blue, and finally 
colorless, while the nitrous acid escapes, 

3) Nitric Oxide (N O.). 

162, Ezperiment.— Pour over a cent, placed in a 
wide-mouthed bottle, a little water, and then ndd by 
degrees some nitric acid, until a brisk efferrescence en- 
sues This effervescence is caused by the evolution of a 
gas, which must be collected in a jar of white glass 
over the pneumatic trough. It is called nitric oxide, and 
consists of two measures (1 ut) of nitrogen and two 

measures (2 at.) of oxy- 
res gen. Close the month of 
the jar under water; it 
seems to be empty, for the 
nitric oxide is colorless; 
but if the jar be opened, 
and air be carefully blown 
in, then the jar becomes 
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tinguished, Carbonic acid is heavier than common 
air; it has sunk into the lower jar, while the atmospheric 


of the flask by the external air, Carbonic acid 
soluble in woler ; one measure of it will 
moasure of curbonic acid, but twice as much when st 
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| itties with alamp. Po- 
tasium is # metal very similar to. | 


i 
| 
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63) wad eapochlly) = 
@) In those regions of the earth where 
uctive, or probably were active ina former age 


Lake of Laache, &.; and it oozes in a constant cur 
rent from various erevices in different parts of the earth, 
~b) In all ordinary combustions, a8 has already been 
mentioned several times | 
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day) 

‘Lime-water (§ 115) serves for the detection of carbonic 
acid, Youmay infer the presence of carbonic acid in 
solid bodies, if an effervescence unattended with odor 
is oceasioned by dropping muriatic acid upon them. 

2. Carbonic Oxide (CO) has already been treated of. 
(110) 


SULPHUR AND OXYGEN. 


§ 1) Suiphuric Acid (8 O,). 

168. What iron is to the machinist, sulphuric acid is 
to the chemist. As the former makes out of iron, not 
only machinery of ull sorts, but also Gistraments by 
which he can work up every other material, so sulphua- 
ric acid has also for us a double interest, It not only 
farms with the bascs very important salts, but we em- 

it also as the most useful chemical meana for pro- 
‘numerous other chemical substances beta i) 
as has already been taught in the preparation of hydro 
gen, phosphorus, chlorine, nitric acid, carbonic acid, &e, 
Since it has come into general use for the of 
metallic implements, for the kindling of matches, and for | 
making blacking, &c, it is well known as a sharp, oor | 
rosive fluid. It stands, as it were, the Hercules | 
the acids, and by it we nre able to overpower all | 
and expel them from their combinations. Tt occurs im | 
commerce as a liquid only. ‘There are two sorts; 1) an 
‘oily farming liquid (Nordhausen sulphuric acid, or oil of 
vitriol); and 2) another somewhat thinner, snd nob 
acid (common sulphuric acid). But it m 
be obtained in a solid and dry state in the 
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This steam, together with the sulphuric acid formed, 
condenses on the cold walla, and collects on the floors 
of the chambers as an acid liquid. ‘The annexed figure 
tends to elucidate this process. 





By means of this remarkable property of nitric oxide, 
it has become possible, with an onnee of nitric acid, to 
obtain from 10 ounces of sulphur 30 ounces of concen- 
tmited common sulphuric acid. If the three atoms of 
oxygen released from the nitric acid were all the oxy: 
gen that operated, we should require more than 20 
ounces of nitric ucid to prepare 30 ounces of sulphuric 
acid. There are now some laboratories for the manu- 
facture of sulphuric acid, of such colossal size, that they 
are able to deliver daily several hundred quintals’ of 
prepared acid. ‘The diluted acid formed in the leaden 
chambers requires still to be evaporated down nearly 
‘one half, in order to convert it into common concentrated 
sulphuric acid. "This evaporation is commenced in 
leaden vessels, and finished in glass or platinum re 
torte. ‘The water, being more volatile, escapes, and 
carries off with it only n small portion of the acid. 
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phate of 
) estosidla of tom not through the nnygea nf tipi | 
but through that of the water. Zinc and tin comport 





combustion of sulphur, but may also be prepared from 
oe acid, by depriving this acid of one atom of 


| hea into a flask (sce Fig. 99) half sn 
ounce of copper filings, and two ounces of common sul- 
phuricacid, and conduct the gas ($ O,),a9 iteseapes, Into 
a four-ounce bottle filled with water (for the preeaution — 
to be taken, aeo $2); the gas will be absorbed by the — 
‘water in great quantities, and will impart to: 

taste and x suffocating odor, like that of bamiag eal | 
phar. One measure of water dissolves 
measures of sulphurous acid. When the ga 
be absorbed by the water, substitute a flask 










1s ACIDS, 


carbonic acid. ‘The continued combustion is prevented, 

because the yas contains no free oxygen. It muy bp | 

now readily explained how chimneys on fire are extin: 
beneath; the 


pels the atmospheric nir present in it; the glowing soot 
in thereby deprived of the free oxygen, and is extin- 


guished. 
175. Itnow remains to inquire, what 
aah pee 
phurous acid was 
(Experiment. When the realdue in the faa: tas be- | 
come cold, add water to it, and hentit gently to boiling, 
‘until the whole saline mass is dissolved. The solation 
is dark and turbid, because fine particles of coal, con- 
tuined in almost every metal, are floating ubout in it; 
but after filtering, it ie of a beautiful blue color, and 
If allowed to cool elowly, blue crystals of 
sulphate of the oxide of copper (blue vitriol), of con- 
siderable size, are formed; it is identical with the salt 
obtained by the solution of the copper scales in sul- 
by which the copper was 
oxidized proceeded from. 
the sulphuric acid, half of 
which gave up an atom 
of oxygen, and waa there- 
by converted into sulphur- 
ons acid, but the other 
half combined with the oxide of copper just formed. 
If copper, like iron, could be oxidized by the oxygen of 
water, then one ounce of sulphuric acid, instead of two 
ounces, would have suiliced for half an ounce of 
Consequently, in preparing blue vitsiol, it ‘be 
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| 3.) Acombination of saa toms of phosphor an 
oxygen is called 
4) eokanapecneanerc are: "The pee. | 
formed during the imperfect combustion of phosphora 
(§§ 142, 143) contains even less oxygen than hypoplios 
phorous acid, and is called exide of phosphorus. 
In phosphoric acid (P ©,), 100 ounces of 
are always combined with 500 ouncca of oxygen, or| 
atom P with 5 atoms ©; in phosphorous acid (Pe 
400 ounces of phosphorus are always combined w 
300 ounces of oxygen, or 1 atom P with 3 atoms O, 


CHLORINE AND OXYGEN. | 


178. Chlorine has but a fecble affinity for 
and may be combined with it only in Rr | 
and with the assistance of strong bases, whieh 
ately unite with the acids produced, forming sults, 


1) ceattiaperphase ie | 
‘urea or one atom of chlorine with one atom of 
(C10), and it is characterized by its power of 
ing all vegetable colors. It is resolved with 
into free chlorine and oxygen. pei 0 
ciple of the well-known chloride of time. o— 


= Chlorte acid consists of one atom of 








1 Acts. 


4a called eyanic acid (Cy O); it likewise decomposes 
very readily, but without explosion or danger. 

Bodies which contain just the same constituents, and 
in exactly the same quantity, but at the same time are 
quite dissimilar in their propertive, are called isomeric 

| (from tous, equal, und piper, part), or similarly constituted 


BORON AND OXYGEN. 


Pitre dix, nos 

180. Experiment, — Dissolve in a porcelain dish half 
nn onnce of borax in un ounce and a half of boiling 
‘water, and add muriatic acid by drops to the solution, 
until the liquid gives a strong acid reaction; om grad« 


eee again dissolved 


with a base, soda; the stronger 
muriatic acid acizes npon this soda, 
and forms with it muriate of soda 
(or chloride of sodium and water), 
which remains dissolved, while the 
Jess soluble borncic avid separates from the liquid in orye- 
tals. There are come places in Italy where hot vapors 
containing boracic acid issue from the earth; lange quan- 
tities of this acid are now obtained from these 
by conducting them into basins of water, where they 
condense with the boracic acid. 
Experiment. — Take a piece of small platinum wire, 
about two and a half inches long, and bend one end of 
it into a hook; moisten this part with the tongue and 
dip it into boracic acid, «0 that a small portion of it may 
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body is to be oxidized, then it is held at the point of 
the outer flame, where the oxygen of the air can have 
free access to it, In order to acquire a practical knowl- 
edge of the blow-pipe, first attempt to convert m piece of 
lead, placed upon charcoal, into an oxide, by exposing 
it to the outer flame; ard nfterwards to restore this 
oxide to its original metallic atate, by exposing it to 
the inner flame, in order to reduce it. The habit must, 
moreover, be acquired, of breathing through the nose 
while blowing, and to do this the checks must be kept 
constantly distended. When this habit is acquized, 
the chest is no longer strained by blowing, and a long 
stream of air may be kept up. 

182. Exporiment.— If you mix some boracie acid in 
a mortar with alcohol, and kindle the latter, it will burn 
with a green flame, In this way boracic acid may ewsi- 
ly be detected. Some of the acid, though not volatilized 
by heat, as shown ina previous experiment, escapes with 
the alcohol. Other bodies also exhibit a similar incom- 
sistency ; when heated by themselves, they are complete- 
ly non-volatile, but they volatilize, and frequently at very 
low temperatures, when hey find themselees in company 
with another body which is very volatile. ‘Thus, in the 
present instance, the uleohol is the oceasion of the vola~ 
tilization of the boracic acid. Hot steam will also tea- 
der large quantities of non-volatile silicic acid volatile, 
and carry it off with itself. Common salt is constantly 
taken ap by the vapors which rise from the ocean into 
the uir; it is uguin precipitated with the rain, and in 
this manner is diffused over the whole earth. 

Boracie, like phosphoric acid, is, in the moist condi- 
tion, a very weak acid, but at a glowing heat it is one 
of the strongest acids, 
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188 agin. 


the potassa by muriatic acid, the Hquid will remain 
clear, and the silicic acid remain dissolved in the water, 
But this solubility is destroyed as soon as the solution 
ds evaporated to dryness, and the silicic acid is then 
thrown down os 2 white powder, which ia completely in- 
soluble in water. Thus, a8 is obvious, silicio acid exists 
also in two quite dissimilar isomeric modifications, one 
‘insoluble, a8 ocenreing in siliceous stones and rocks; and | 
another soluble, as found in plants and water. 


| 
mall quantities of silicic acid, If we evaporate epring- _ 
water, we find ¢ilica in the insoluble residuum; and if 
‘we burn a plant, we obtain it in the ashes. Grasses, 
and the different sorts of grain, are particularly rig | 
silica, and for this reason they have been called 

plants. Silica is to these plints what bones are to meny 

—the substance to which the stalk owes its firmness 
and stiffness. If the soil is deficient in soluble silien, (or 
if there is not enough potassa, which renders the silica — 
soluble,) these properties will be wanting to the stalky | 
and it will bend over, ‘The horse-tail plant (Equises 

tum) contains so much silica that it may be used for 

polishing wood. Silicic acid is found even in the 

animal kingdom, particularly in the class of Infusorim, 

which are only visible under the microscope; the sholls 

of many Tnfasorim are formed of silicic neid. 

The combination of silicie acid with bases) may be 
oS eclaerpene by fusion. Most of the silie 
cates thus obtained ure amorphovs, and are said to be 

vitreous. Silicie acid has in this reepect the greatest 

resemblance to borncic acid, and it also resembles it in 

being an extremely feeble acid in its moist state; but 

when hented, on account of its non-volatility, it sure 

pastes all other acids in strength. In its isolated state, 
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into the water; for should it reach to the bottom 
phial, the whole liquid might «nddenly flow bac 
‘the @ask, if the heat should chance to slacken 
might, for instance, from the flickering of the spit 
by an accidental current of air. ‘The muriatio act 
| eagerly absorbed by the water, that, when the eve 
of the gas diminishes, a vacuum is formed in th 
and flask; the exterior air then presses more st 
upon the water and forces it up ($92). When o 
‘ous body condenses into a liquid, it no longer re 
‘the latent heat by which it became gas or vape 
therefore this heat is set free. Prom this it follay 
the water in which the muriatic acid condenses 
‘solves must soon become warm. But warm wat 
receive much less gas than cold; uccordingly, 
obtain a concentrated solution of mruriatic acid 
mast place the phial ina basin of cold water. 
the liquid in the receiver has sufficiently increase 
of the blocks must be withdrawn from beneath, 
to keep the end of the tube near the surface 4 
liquid. The solution thus obtained bas an int 
acid taste and reaction; it is called hydrochloric 
but is commonly known under the name of m 
acid, One measure of water absorbs more 
hundred measures of murintio acid gas; 
riatic acid thas obtained fumes in 
part of the gas escapes, If you 
then hulf of it exeapes, und an ucid 
remains behind; but this is always 
than water. 
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insoluble in water, Nitrate of silver is the most meeu- 
rate test for muriatic aeid and its enlte, 

If muriatic acid is diluted with from 800 to 900 parts 
of water, and is poured pon land, it exhibits = fertiliz 
© Ce play same ese ae 

187, Haloid Salts. — Like chlorine, the other salt pro- 
ducers, oF halogens, ulso combine with metals forming 
talis; theso sults are called Aaloid salts. As has been 
shown, they may be prepared, — 

1.) By uniting a halogen with a metal (§ 156). 

2) By uniting a halogen with a metallic oxide (§ 162), 

3.) By the solution of a metal in a hydrogen acid 
§ 188). 
ks By the solution of » metallic oxide in a hydrogen 
acid (§ 186). 

If the two Jnst-mentioned instances be attentively 
considered, it may, perhaps, appear surprising, why it 
was not nsumed that murintic acid combined with the 
base without further decomposition, just as it was as 
sumed with regard to sulphuric acid, and the other oxy- 
gen acids. ‘This cannot generally happen, because 
many of the haloid salts, when they are quite dry, eon- 
tain neither oxygen nor hydrogen, dried 
common salt, for example, contains no hydrochloric acid, 
bat ehlorine,—no oxide of sodium, but sodium, —as 
has been ascertained by the most accurate experiments, 
Bot if the haloid salts contain water, or are dissolved in 
water, then they may certainly be regurded as consist- 
ing of a base and a hydrogen acid, for it amounts to the 
same thing, whether the hydrogen exists in the water or 
in the hydrogen acid, the oxygen in the water or in the 
metallic oxide, A solation of salt may necordingly be 
regarded as chloride of sodium and water, oF us muriate 
of soda. (Na Cl -+- HO is the same as Na O, HCL) 
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‘The nitric acid acts upon the murintic acid just like the 
mangancse ; it contains, like the latter, much oxygen, 
and parts with it very readily, This happens also in 
the prevent case, and the liberated oxygen abstracts 
from the rouriatic acid its hydrogen, to form water, 
Consequently the chlorine is set free, which, being a 
simple and strong chemical body, immediately anites | 
with the gold, which is 
likewise a simple body. 
‘Thenitric acid losesthere- 
by two atoms of its'oxy- ) 
gen, and iseonverted into 
nitrous acid, whieh es 
capes in yellowish fumes, 
Aqua regia bela for deonvaeg gold and plati- 
num, neither of which metals is attacked by other acids. 





BROMINE, IODINE, AND FLUORINE, + HYDROGEN. 


189. Hydrobromic and Hydriodic Acids. —Both of 
these acids closely resemble muriatic acids. Their com- 
binations with metals are called protobromidea, pertiro- 
mides, protoiodides, and periodides, &e, of the metals. 
‘They ocenr in natare accompanying common salt, con 
sequently in sea-water aud marine plants, in salt springs, 
&ec., but only in minute quantities. 

190, Hyrtrofluorie Acid. — Experiment. —Bubd to a 

powder a picce of Aaorspar, of the 
itbosad size of a hazle-nut, and pot it into 
a small bowl, which has been pre« 
viously rubbed with ailed paper; 
then pour sulphuric ucid wpom it 
till a thin paste Is formed, Cover 
the bow! with a piece of window 
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sorbed, It is colorless, like water, and it is easily recog- 
nized by its peculiarly oppressive odor, which is very 
similar to that of bitver almonds, Such a dangerous ar 
ticle should only be prepared by experienced workmen, 
Prnasic acid is found also in small quantitics in some 
seeds, particulayy in bitter almonds, and in the kernels 
of atone fruits, as plums, apricots, d&e. 

metallic cyanides (protocyanides and percyanides). The 
‘most familiar of these are the yellow ferrocyanide of 
potassium (prussiate of potassa), and the blue ferrocy- 
anide of iron (prussian blue). 






RETROSPECT OF THE HYDROGEN ACIDS. 


1. The haloids or halogens — chlorine, bromine, io- 
dine, fluorine, and cyanogen —form acids, not only 
with oxygen, but also with 

2 The halogens have a greater preference for hydro~ 
gen than for oxygen; hence, when left to their own free 
will, they always combine with the former. 

aes unites with the halogens only in one 

proportion ; consequently, each of them forms only one 

Single hydrogen acid. 

4, All the hydrogen acids have the same constitution; 
they always consist of equal atoms of a halogen and 


iy le 
5, The hydrogen acids combine with metals, forming 
chlorides, bromides, &c., whilst their hydrogen escapes. 
6. The combinations of the halogens with the metals 
possess exactly the properties of salts; for this reason 
they are called haloid salts. 
7. The hydrogen acids combine with the bases, form- 


a salts and water. 
= 
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‘The combinations whieh oxygen forms with the 
metallic clements, or metalloids, are, indeed, mostly a 
but we find among them some which possess an ind 
ent character; namely, nitrous and nitric oxides | 
and N O,), the oxide of phosphorus, and carbonic 
gas(CO), Asis obvious, the combinations with the 
quantity of oxygen are those in which the acid prope 
are wanting; these acid properties are developed ot 
increase of the oxygen, and most strongly in those + 
binations which contain the greatest quantity of oxy 

Since the combinations which the metalloids { 
on the one side with oxygen, and on the other with 
drogen, ure among the moxt important and most i 
esting chemical bodies, the annexed scheme will 
sent nearly a correct idea of the strength of the a 


Asinisg Or Oxygen, Medion Ainley oe Hydngen. 
Silicon. 
Boron. 
Carbon. 
Phosphorns. 
Sulphur. 
Selenium. 
Nitrogen. 
Cyanogen. 
Iodine. 
Bromine, 
Chlorine. 
Fluorine, 




















Potassa is formed. All salts of the alkalies, or alkaline 
earths, with an organic acid, are in the same way de 
by heat, and converted into carbonates, 
195. We can decompose sulphuric acid into sulphur 
and oxygen; and from eulphur and oxygen we can 


again reproduce sulphuric acid. Not so, however, 


ments. We are still ignorant how they are formed in 
plants and animals. All that is known on this poilit 
concerning the vegetable acids is, that they are formed 
from carbonic acid and water, the two chief souress of 
the nourishment of vegetables, But by what power 
and in what manner, these two bodies are forced to 
combine in the grape-vine to form tartaric acid, in the 
fruit of the lemon-tree to form citric ucid, in apples 10 | 
form malic acid, &, we are entirely ignorant, We 
here stand, as it were, on the boundary line of ont 
knowledge; whether it will be permitted to us at: 

fature period to ndvance beyond this limit, further: 

tigations must show, In the mean time we must a 
sume that the unknown power which causes the shoot _ 
leaves, and blossoms to put forth from the seeds, — we 
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of oxalic acid is poured upon this solution of gypsum, 
you will soon obtain a precipitate of oxalate of lime; 
consequently oxalic acid 
has a greater affinity: for 
lime than sulpburie acid 
has, since it is able te 
displace the latter acid, 
The decomposition takes 
place more rapidly and perfectly when the oxalic acid! 
has been previously neutralized by ammonia (IN H,), 
because another body 
is thus presented to 
the sulphuric eid, for 
which the latter has 
n greater affinity than 
for the water; it be= 
comes thereby more ready, as it were, to release the 
lime, Orxalic acid is the best test for lime and lime salts. 

Experiment e.— Add some spoonfuls of water to a 
piece of green vitriol of the size of a pea, and moisten 
with the solution a piece of white blotting-paper; when 
this has imbibed the liquid, spread over it some ammo= 
nin. ‘The ammonia withdraws the sulphurie acid from 
the green vitriol, and protoxide of iron must conse- 
quently be separated in and upon the paper, to which 
it imparts a greenish tinge. On drying, the protoxide 
of iron becomes converted into scaquioxide of irot, 
and the green color is at the same time changed to 
yellow. In a similar manner, cotton, and other fale 
rica, are often dyed brown or yellow. Mix some oxalie 
acid with water into a thin paste, and dot the yellow 
paper with it in several places; the eolor will soon dis 
appear from those #pots, and you obtain a white pattern 
ona yellow ground. Orxalic acid easily dissolves ses 








tuted for the oxide of lead. 

Experiment. — Place upon a pices of charcoal some 
sugar of lead, and heat before the blow-pipe; the salt 
first melts in its water of crystallization, then it becomes 
‘brown, and js finally charred; the acetic acid is thus 
decomposed, like tartaric acid on the heating of the salts 
of tartaric acid. After being completely burnt, globules 
‘of metallic lead remain upon the coal, ‘The litharge is 
also decomposed; the glowing coal abstmets from. it ite 
oxygen, and forms with it carbonic oxide gas, which 
escapes ; consequently metallic lead must remain behind 
(reduction or deoxidation). 

Experiment. — Mix cautiously half an ounce of sul- 

Fig. 108. 











RETROSPRCT OF THE VEGETABLE ACIDS. 

1, Almost all vegetable acids consist of carbon, hy 
drogen, and oxygen (oxalic acid being an exception.) — 

& They are generated during the growth of plants, 
in which they are found either free or combined with 
bases. 

3. We Goeetddieiemaree Meech 
elements, like the inorgunic acids. 

4. Some vegetable acids may indeed be also-artill 
cially imitated, but as a general rale this is effected by 
the metamorphosis of other vegetable substances. 

5, All vegetable acids are charred by heat, and are 
at last completely consumed (inorganic acids are not}. 

6, Most vegetable acids cannot exist without the 
presence of water (water of constitution); this water 
plays therein the part of a base. 

7. Vegetable acids comport themselves towards bases: 
like the inorganic acids; they form with them salts, 

8, The vegetable salts are likewise decomposed by 
heat; the acid is charred and consumed, while the base 
remains behind, usually combined with carbonic acid. 


*  RADICALS.—CAPACITY OF NEUTRALIZATION. 


199, The word radical signifies toot or base, and is | 
often employed in chemistry to denote thet, sabetanoel 





oxygen, and some of ther also with hydrogen, forming 
acids, and they are consequently regarded as the bases 
of the acids, and may be called the acid radicals. Suk — 
phur is accordingly the radical of sulphuric acid; car 
on, of carbonic acid; and chlorine, of ebloric and 























220 AbKALIEA, 
hottest fire. The potash does not lose its carbonic adit 





being weighed. For this purpose a test-acid must be 
prepared, of such a strength that one degree of it will 
exactly neutralize one grain of pure carbonate of po- 
tassa, The number of degrees of the acid consumed 
willthen indicate at once, in per cent, the quantity of 
pure carbonate of potassa in the sample tested. The 
value of soda may be ascertained in a similar way. 
Bicarbonate of Potassa (KO, 2 CO, + . 

If carbonic acid is conducted into a n 
Donate of potassa, the Intter will take mp ns 
7 Parnies nie manera key 
crystals will be deposited, consisting ot one stom 
potas, two atoms of carbonic acid, und one atom 
of water. This combination accordingly, 
to the acid salts. On heating, the second atom of 
carbonic acid, tagether with the water, escapes; and 
th seme happen, in part, on boling «.eoluticn ay 
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Tf the oxygen is withdrawn from the potassa, then 
potassium remains behind, —a metal which has 0 strong 
a tendency to combine again with oxygen that it can 
only be protected against oxidation by keeping it in 
petroleum, a liquid which contains no oxygen. 

‘The usual method of preparing potassium is by 

. ne putting carbonate of potas 


tg, ‘*# andcharcoal into an iron | 


vessel, provided with an iron 
aKigy exit-tabe, and exposing them 

to the strongest white heat 
At this extremely high temperature, the coal combines 
with the oxygen of the carbonic acid and of the po 
tussa, forming carbonic oxide gus, which escapes. The 
liberated potassium is also converted into vapor, which 
is conducted into petroleum, where it condenses into a 
solid mass, resembling silver, 

It has been shown under carbonic acid (§ 166), that 
potassium, at & moderate heat, can withdraw the oxy- 
gen from the carbon; while here, at a higher temper- 
ature, the contrary takes place, Similar incongruities 
in chemical actions are not unfrequent; they show that 
the affinities of bodies for each other are greatly altered 
by the temperature. 

Experiment.— Put a piece of potassium of the size 
of a pea into a basin of water; it oats with a whizzing 
noise upon the water, and burns at the same time with 
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ence with which the two gases are su y 
vee erin Fe | 





f—I nitre be heated with sulphuric scld, th 
acid escapes (§ 159). — 
g-—Animal substances are preserved from putret 
by nitre ; it is therefore uaed in the packing of mea 
‘The manufacture of nitre is conducted in a very 
culiar manner, Animal substances, for 
of flesh, hides, hair, &e., are mixed with lime and & 
and then moistened with water or urine, and anil 
to putrefy slowly. Animal substances are rich ina 
gen, which, during putrefaction, is set free in the} 
of ammonin (NH,); this, after a time, unites with 
oxygen of the ir, forming nitric acid (and water), w 
acid is immediately neutralized by the lime, If ani 
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carbonate of potussa in two and a half ounces of water, 
then add one ounce of purified tartar, and let the mix- 
ture stand for a day in a warm place, frequently stirring 
it, The filtered liquid, after snfficlent evaporation, 
yields prismatic crystals, or, when evaporated to dry- 
ness, a white powder, This salt is very easily 











24 ALKALIES. 
‘The carbonic acid escapes with effervescence, while the 
oxygen combines with one quarter of the sulphur, form- 
ing sulphuric acid, which unites with a portion of the 
undecomposed potassa, forming sulphate of potessa; 
accordingly, the liver of sulphar is a mixture of terssule 
phuret of potassium and sulphate of potassa, 
Experiment.— Pour water into a test-tabe contaln- 
ing some liver of sulpbur; you obtain a yellowish 
greon solution. If to this you add diluted sulphuric 
acid, a strong evolution 
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becomes milky from the 
precipitation of two thirds 
‘of the sulphur (milk of 
sulphur). A decomposi- 
toxtvtt. tion of water hereby takes 
place; the oxygen of the 
water converts the potassium into potassa, which unites 
with the sulphuric acid, but the hydrogen escapes, with 
ove third of the sulphur, as sulphuretted hydrogen. 
The same thing is effected, though far more.slowly, by 
the carbonic acid of the air, and thas is explained why 
the liver of sulphur (as well as the residue left on the 
combustion of gunpowder) emits a smell like that of 
rotten eggs when it ix left exposed to the wir. 

‘The liver of sulphur is chiefly uscd for proparing sul- 
phur bathe A similar preparition is obtained in the 
moist way, as has been described (§ 129). 

Besides this combination of potassium with sulphur, 
there are several others, containing either more or less 
sulphur. ‘The simplest compound of eulphur and potas 
cium (KS) is obtained by heating together sulphate of 
potasea and charcoal, which latter abstracts the oxygen 
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sulphuretted hydrogen 
takes place, and the liquid | 





planted year after year upon the same fand, 
will at Inst exhaust all the solable lime from 
Bat turnips will flourish im this latter field, becanse it | 
still contains potasss, and peas in the former field, 


SODIUM (Ns), 
‘AL We = 200,—Sp. Gr = 08, 


Common Sait, Chloride of Sodium, or Muriate of Soda 
(Na Ch. 

215, Experiment,— Dissolve one ounce of salt in two 
and three fourths ounces of cold water; the water will 
dissolve no more, even if added. Repeat the experi- 
ment, using hot instead of cold water; the result is 
precisely the same. Common sult has the remarkable 
property of being equally soluble in hot and in eotd 
water. A larger quantity of almost all other salts ix 
dixsolved by hot than by cold water. Put one of these 
solutions in a warm place; by the gradaal evaporation, 

ve uo, Tesalar transparent crystals of comsnon 
walt are formed. Boil down the other 
solution, quickly stirring it all the while; 
it yields a granular, opaque, saline powder 
(disturbed crystallization). Salt is pee 
pared-as lust described on a large scale, 
and hence the granular state of common salt, 

Experiment. — Mf you expose a solution of salt in an 
open place during the extreme cold of winter, transpar- 
ent prismatic crystals will be formed, which contain 
‘more than one third of water. When placed on the 
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Peres dhanagadniagestotnteedcs es Mm 
in immense beds, map ertrel et 
dog out. ‘This sult looks like » 

and #o is called rock-salt. Th the ple areca 
rock-salt is mixed with stones and earth, a hole & 
bored in the middle of the bed, and water is let into it 
‘The water is pumped out again a soon ax it has be 
come saturated with the salt, and is again expelled by 
evaporation. In some places springs are found contain 
ing salt in solution, the so-called nutural salt springs. 
‘These are always occasioned by the water permeating 
the earth over a bed of rock-salt, and appearing as ® 
spring ut some lower level. 

As the natural springs commonly contain much more 
water than is necessary for the solution of the salt, 
ebeaper method than thut of fire, namely, a current of 
uir, is first employed for the evaporation of it The 
Bere Denne up Aerhey Oe ae 
ing filled up with fagots (gradwation-howse), and from 
which it is made to fall by drops through the fagote 
It diffuses itself over the branches, and thas presents 
very large surface to the snpeeeng thoaahiaiay 
a very rapid evaporation is effected. All natural salt 
waters contain gypsum in solution; this is first deposit» 
ed, since it is dilficultly soluble, and eneases the branch 
ea with a bard crust. When the greater portion of the 
water is evaporated, the concentrated brine is finally 
boiled down with constant stirring in large pans, and the 
_ granular salt, which separates, is raked out and dried. 
Daring the evaporation, @ solid incrastation is deposited 
at the bottom of the pans, consisting principally of 
Glauber salts and gypsum, and from which Glauber 
sults are extracted. Finally, a somewhat thick liquid 
remaing, the so-called mother-water, from which no 








sician, Glauber. We find it aleo in many min 
waters, for instanec, in the Carlsbad and Pullna wa) 
and in the incrustation of the salt-pams, as. wasn 
tioned under common salt. It is readily soluble, ¢ 
Ralligesie Soc ch ekcvaldiclpilechs, SS 
bitter taste. 
[iiepariaanli=—Plaoe' fit an Grunig tcieneme 
Giashee anls lan wera 


obtained weighs hardly a quarter of an ounce, 
which was lost was water, Glauber salls contain 
than half their weight of water of 

‘thus obvious that it is this chemically 

which imparts to the salt its form and tranepare 
panned aitarabaier oo 

the heat; but they reappear 
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receiving 
the aperture for throwing in the mixture, and gan open- 
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potassa, yet one atom of water, which it docs 
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with even when heated to redivess; hence it has bem — 
more correctly called hydrate of soda (Na O, HO). 
The hydrate of soda has a corrosive action, forms soap 


with fat, and hard glass when melted with sand; 
very strong base, like caustic potasea, for which it 
often substituted in preference in the arte, 

222. Soin (Na). 


On abstracting oxygen from the soda metallic sodium 
is obtained. This metal is prepared like 


r 
ee 


actual preparation of these substances, The 
*ummary statement may serve to fix them on the mem- 
ory:— From common salt, or chloride of sodium, sul- 


finally sodium. 
A few other salts of soda will now be considered. 


223. Phosphate of Soda, 
Experiment. — Neutralize half an ounce of earbonute 
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‘then add a little finely pulverized sand; upon 
‘it ngnin in the blow-pipe flame, effervescence will e1 
and afterwards a clear bead will be formed. Pr } 
proportion of sand used be small, the glass formed (basic 
silicate of potassa or soda) will dissolve in water on 
Jong-continued boiling; it is then called sofwhle glass 
($204). If more wand is taken, a glass (acid silicate of - 

or soda) is obtained which it is very ‘diffiealt | 
to dissolve in water. To Takao which shall 
be entirely insoluble, not only in water but also in 
acids, beside the potnasa and soda, some other earth or 
metallic base — for instance, lime or litharge — must be 
added, Common glass is thas manufactured in glass 
houses. 


‘The materials which ure chiefly employed in the 
manufacture of glass are,—2a) quarts, flint, or sand; 
5) carbonate af potassa or wood-ashes; ¢) carbonate of 
soda or Glauber salts; ed) lime or chalk; e)litharge or 
minium. ‘These substances, after being 
mixed together, thrown into earthen pots, and heated 
ina furnace until the maze is one uniform fluid. Tn 
this state it may be moulded like wax, ent and bent, 
preased into moulds, and blown, and may accordingly 
be mannfactured into all possible shapes and forms; on 
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AMMONIA. 253 


wa ppareseees Bi Neaocen, At comes from the 
water of the hydrate of potasss, the oxygen of which 
combines with the iron, 
Yes, The potassa serves to 
hold fast the water, an- 
sum til a red beat is pro- 
duced: water, by iteelf, 
vai could have been heated 

only to 100° C. 
Experiment.—2) Heat forty grains of iron filings and 
fro grains of nitre in the same manner as before. You 
obtain a gas in which a 
Bonus, lighted taper is extine 
guished; It ia nitrogen. 


toniynia the case of nitric acid 

real is With Bie: waters/tbo 

iron abstracts from it 

mygen ; and its second constituent, nitrogen, ix thereby 
Bt free, and escapes. 

Spaemsn— 2) Unite the two former experiments 
into one, that is, heat 
eighty grains of iron 

Voit. filings at the same time 

with two grains of po- 

Noo tata and two grains 

of nite, in an open 

while test-tmbe: neither by- 

Ja drogen nor nitrogen is 
‘wolved, but a combination of both in a gaseous form, 
faving & pungent odor resembling that of ammonia, 
A strip of moistened red test-paper held over the test- 
Bbeis tumed bluc; consequently, this new kind of gas 
ees xx alkaline charecter; we call it ammonia. 











Tilden cr. Serie aR ae ae 
229. Experiment. — Neutralize the ammoniseal liquid 
obtained in the last experiment with muriatic acid; boil 
it with some animal charcoal, and filter it, After fil- 
tration, the liquid has lesa color than before, because a 
great part of the coloring matter has been absorbed by 
the coal ($105); after sufficient evaporation it yields 


80 completely neutralized by the acids, that you ean 
no longer recognize it by the smell. 
Experiments with Sal Ammoniae. 
Experiment a.—1{ some sal ammoniae is heated 
‘upon a platinum foil, over the flame of a spirit-lamp, it 
volatilizes in white fames, All ammoniacal salts are 
volatilized by heat. If the vapor of sal ammoniac is 
condensed in a cold vessel, you obtain it asa solid, 
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‘vessel shonld be placed in cold water. A second tabt 

open at both ends, may be adapted to the cork of th 

flask to prevent the water being forced back from th 

in case the heat should accidentally be dimin 

| ‘The tube must reach to the bottom of the flask 
| for otherwise the gas would eseape through it. A 
‘The solution of ammonia is lighter than water, am 

#0 much the lighter in proportion to the amount of am 
moniacal gas it contains; for this reason, its strengt) 

may be very accurately determined by its specifi 
gravity. Its most important properties have alread) 

been mentioned. On account of its corrasive propertie: 

‘it Is also called caustic ammonia. ed 
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260 ALKALIS 
enka Bea (8019) it excapes in the heat. as a. gus foun | 
light and 














hence the pungent odor of stables and 
If you put a bowl containing muriutic acid or « | 
sulphuric acid in such places, the odor vanishes, and the 
muriatio acid is gradually converted into muriate of 
ammonia, and the sulphuric acid into sulphate of am- 
monia, Thus we possess in the acids a simple and 
cheap means of purifying the air in such places. Putrid 


indeed even for the preparation of murinte of ammonia 
itself. . 


nilrogen. 

in them varies in its affinity for other elements. 

The nitrogen of organic substances combines, — 

‘With hydrogen, at common temperatures, forming 
ammouia (decay). 

‘With oxygen, at common temperatures, and in the 
presence of a strong base, forming nitric acid in nitro- 
beds, 


‘With hydrogen, on the application of heat and with 
ont access of air, forming ammonia (ry distillation), 


i | 
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verted into carbonic acid, water, and ammonia; snd 
from these three products of decay are reproduced all the 
innumerable plants which cover the surface of ourcarth 
Me im 





‘ent anieads a planta. Living planin, 

236. The great resemblance of ammonia to potasss 
and oda bas long since given rise to the conjecture, that 
2 metal might also be concealed in it, as well as in the 
potassa.and soda. Ifa body—for instance, eyanogen— 
which comported itself exactly like a chemical element, 
like chlorine, could be generated from nitrogen and car 
bon, so also it was possible that a body might be formed 
froux nitrogen und hydrogen which should comport itself 
like a metal, like potassium, Chemists have not yet 
succeeded in separating euch a metal from ammonia or 
its salts; nevertheless, the opinion is maintained by 
many of them, that such a metal docs really exist, and 
consiats of one atom of nitrogen and four atome of hy- 
drogen (NH). They have called it ammonium ; and, 
according to this view, regard hydrated ammonia 
(NH, + HO) as oxide of ammonium (NH, O), mu- 
riate of ammonia (NH, + HCl), as chloride of ammo- 
nium (NH, Cl), &c, which amounts to the same thing, 
eince the constitution of these two bodica is not changed, 
whether the hydrogen is considered as belonging to the 
‘water or to the muriatic acid, or as combined with the 
ammonia, 

A compound of one atom of nitrogen and two atoms 
of hydrogen (N'H,) bas been called amide. 
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H (CALCIUM (Cx). 
; At We = 280.— Sp. Gr 
Chalk, or Carbonate of Lime (CaO,CO,). — 





ence which these stones present in their ex 
pearance cannot be wondered at, for we 
variety of form in our common sugar; 
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‘Thus agriculturalists possess in lime an 
anure for those fields where lime is deficient. 


Lime is, next to the alkalies, one of the 


Gypsum, or Sulphate of Lime (CaO, 80, 

‘241. Experiment.— Expose to a moderate he 
iron vessel the gypsum obtained in former 
(§§ 164, 176), stirring it daring the heating, which must 
‘be continued till vapors cease to escape from it} it will 
afterwards weigh one fifth less than before, and 
calcined gypsum. ‘The lovs of weight 
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especially when 4 
ont the easily soluble nitrate of lime. "This | 
commonly called the crumbling away of 
a9" Tho ‘thas done to format 
- ea alli by ae 
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sad ls often found :in-eubla crystals of 
tis easily fused by heat (hence its 
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therefore thrown down as a heavy white powder, Tb? 
ponderous mineral, known as Aeaty spar, which ¥ 
frequently found in beautiful tabular crystals, associ 
ed particularly with metallic ores, is the native =o 
phate of baryta, Baryta and the baryta salts are past” 
pared from it. ‘This mincral, when ground to powaaaa@"?* 
is frequently need for the adulteration of white bead. 

‘The most remarkable characteristic of the strane 
salts is that of communicating a crimson tint to abe 
flame of burning substances. Nitrate of strontia, 


prepared from potassa, sulphur, and charcoal. Gtlori==—we 
of strontium, or muriate of strontia, is soluble in ales 
_ and imparts to its flame a crimson color, 


MAGNESIUM (Mg). 
At Wt = 158 —8p. Gr. = 17, 


Balt, or Sulphate of 
(Mg 0, 80, +7 HQ). 
249. Envelop in a fold of strong paper a fmgment 

of serpentine gainer! ; crash it with a hammer, then 
pulverize it in an iron mortar, and mix half an ounce | 
of it in a porcelain basin with some common sulphuric 
acid to the consistency of a paste, and set it aside for 
some days ina warm place. ‘Then stir in carefully on 
ounce und a half of water, let the mixture wtund again 
for some days, and finally decant the warm elear liquid. 
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282 ‘METALS OF THE EARTHS, 
insoluble in water (the carbonates of the alkalies are 
easily: 


7%. The carbonates of the alkaline waite dion hale 
eae Reeiriecld by expense 


do not). 
‘& ‘The alkaline earths form -with fats insoluble soap | 


(the alkalies soluble soap). 7. 
-— 
> 
a THIRD GROUP: METALS OF THE EARTHS. 
‘ALUMINUM (AD. 
AL Wie 1718p, Ge 
Clay and Loam, 


252. The peculiar action of clay on being mixed 
with water is familiar to every one, forming with ita 
compact, ductile mass, which may be kneaded into any 
shape; it is plastic or flexible. If a mixture of lime 


sand than plastic clay, and, “ras presence of 


— Hallow a 6 ee se 
ree some water into the 
cavity thus formed; the 
‘water will not percolate 
through the clay, as it 
would through sand or 
lime. When beds of clay exist beneath the soll, the 
rain is unuble to penetrate far down in oe ee 
‘and consequently bogs and marshes are formed. These 
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removing again the grease applied to the 
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it has absorbed from the air; these ar water, carbonic 
acid, and ammonia. Of the presence of the ammonia 
you may easily be convineed paar nts 
‘titurate @ piece of clay taken from an old wall, in 

vicinity of barns especially, with some firme and a few 
drops of water, Clay, when freshly dag, diffases no 


















































296 ‘METALS OF TH EARTHS. 


Occurrence of Alumina im Noture, 

265. Next to silica, alumina occars most frequently 
in nature, and, indeed, not only in elay and loam, but 
also in rocks and minerals; for instance, in the well- 
known gmy-colored clay-slate, porphyry, &c. Felypar 
must be regarded as the most important of the alamina 

minerals, and is found in greater or less quantity in 

| granite, gneiss, mica-slate, and other rocks. In its con- 
stitution it has the greatest similarity to alam, exeept 
that it contains silicic, instead of sulphuric, acid. 

Alum (anhydrous) (K O, 8 0, -+ Al, Oy 38 0,); 

Felspar (KO, Si O,+ Al, O,, 3 Si0,). 

Felapar, like all other stones, is finally disintegrated by 
‘the influence of air and water, and by heat and cold; it 
weathers, as the miners say, or is dissolved, and the eili- 
cate of potasea is thereby gradually removed by the 
‘water, so that, as the result of this ition, clay 
or loam remains behind (Al, O, 351 .0,). When the 
farmer lets his ploughed land lie fallow, that is, remain 
uncultivated for some time, he by this means neceler- 
ates the weathering ; soluble walts of potassa, soda, lime, 
and other salts, are thereby formed from the constitu- 
ents of the soil, and to these salts expecially is to be at- 
tributed the greater fertility of fallow land over that 
which has been exhausted by cultivation. 

266. Glucinum, Yttriam, Zirconium, Thorium, and 
the recently discovered Erbium, Terbiam, and Norinm, 
are very rare elements, the combinations of which with 
oxygen are white, insoluble, and earthy, like alarninum, 
and are called Glacina, Yttria, Zirconia, &o, 
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RPTROSPECT OF THR BARTHS (ALUMINA, Se). 
1. The earths are combinations of the metals of the 


i ingredient of arable land, and of many kinds of 


§ Alomina ie a much weaker base than the alkalies 

and alkaline earths. 

f, Weak bases, as if they were acids, combine with 

strong bases. 

"7. Many bodies may, in chemical combinations, re- 

Pace another body, atom for atom, without a change 

Of the crystalline form taking place (isomorphous sub- 
Neutral salts are salts in which, for every atom of 

which the base contains, there is an atom of 










Many neutral salts may combine with one or sev- 
of acids; such combinations are called acid 


10. There ure also combinations of neutral salts with 
‘one oF more atoms of bases; they are termed basic salts, 
When two different salts unite chemically with 






| exch other, they mre called double salts. 


ov THE 
‘RETROSPECT he (LIGHT) METALS MITIERTO 


1. The metals of the alkalies, of the ulkaline earths, 
and of the earths, are culled fight metals, because they 
are specifically lighter than the other metal. 
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‘They never occur in nature as neither 
‘as pure oxides (with the exception of alumina), but ab 
ways as salts, and constitute, together with silica, the 
principal portion of our earth, ui 

3. Of all bodies, they have the greatest affinity for 
oxygen, and form with it oxides, which (with the excep 
tion of the earths) dissolve in water. 

4, The oxides of the metals of the alkalies, and of 
the alkaline earths, are the strompest bases (alkulics, 
alkaline earths). 

5. On account of their great affinity for oxygen, the 
preparation of the light metals is very diffienlt, sinc 
the combination between the metal and oxygen eat 
aly be deetroed in the stoned hares aa 
the galvanic current. Only potassium, sodium, and 
aluminum are us yet accurately known. 

~L 6, Until the year 1807 the alkalics and earths were 

.) regarded as simple bodies; but at that time the | 

© chemist, Davy, succeeded in resolving them into me 

© and oxygen, by means of the galvanic current, 

(> 7 Most of the light metals are able to 

“~—_) water, even at ordinary temperatures, and without the 
aid of an acid; that is, to withdraw from it the axy- 
gon, and consequently liberate the hydrogen. 


r ¥ — 
ft 37 
LAWS OF CHEMICAL COMBINATION. 


Beront proceeding to the consideration of the other 
metals, it will be well to revert to the laws of chemical 
combination, often mentioned im the foregoing pages, 
and to reduce them to a mothodieal 

267. Classification of Chemical Combinations.— As in- 
numcrable words may be formed ftom the twenty-six 
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1 eq. ofealeium = 960 
and 1 eq. of oxypen — 100 





tion of chalk from its conatituents, The combining 
proportion, or equivalent number, of chalk is uccoed- 
ingly = 625. . 
If we wish to convert chalk by common sulphuric 
acid into gypsum (Ca O, 8 O,) we must first seek for 
the proportional number of the acid. We commonly 
find in it one equivalent of anhydrous sulphuric acid, 


united with one equivalent of water. 


‘The constiments of ‘The constituents of 
acid are water are 

Ley mulpbur = 200° 1 eq. hydrogen = 129 

“snd 9 eq, oxygen = 900 Topoxygen = 100 


‘Bq. Of BO, ix thus = 800 ‘Eq. of HO is thus = 12) 
‘Consequently, the combining proportion of common 
‘sulphuric acid js 6124. This quantity just suffices to 
convert the above obtuined 625 ounces of chalk into 
wulphate of lime. The carbonic acid which thereby 


“Equivalent number of eryst. gypnm— 1073 = CuO, $0: + 20. 

‘If you heat it, the water is expelled, and there re- 
mains for calcined or anhydrous gypsum the equiva- 
Tent 850. It is evident that wuter enters into chemical 
combinations with the acids, bascs, or salts, not as 
being easential to their constitution, but only as form- 
ing a portion of them. 

Previously to the discovery of this law, hardly fifty 


the capacity of combining with three, four, five, or 
“@¥en more proportions of oxygen, sulphur, chlorine, 
‘Key thus producing the different oxides, sulphides, 
chlorides, &c., described im section 154. This would 





at first seem to be inconsistent with the law 
always combine with each other in fixed 
‘but on more mature consideration of the 
Tectia tet os end aae ee 
greater or less quantities are nof promiscuously com- 
pounded, but that they are likewise combined in fixed 
and ixvariable proportions. 

If we ascend a hill, it is at our own option to take 
many or few, long or short steps, since the inclina- 
tion is not interrupted by perpendicular acelivities ; 
but on mounting a flight of stairs or a ladder, a deter- 
minate and regular number of steps only can be taken. 
In like manner, bodies which combine in several propor 
tions with another body do so in different, but yet in in- 
vuriable quantities, and such combinations always take 
place in ratios of 1}, 2, 23, 3, or 34, but never in ratios 
of 1}, or 1}, or 1}, &e. ‘The nscent takes place, as it 
were, only by whole or half steps; thas, for instance, — 






100 o8. of oxygen, carbonie oxide: co. 
"estaoe {te * oxalic acid pari 
4 200 “carbonic acid =CO 
100 ox of oxygen, nitrous oxide, = 0, 
pana ° * nitrio oxida =NOp 
‘ge farm, with 9) 900.“ nitrous ackd 
* © ier mei =NOn 
100 on. of oxygen,, enters a 
130 * © “ seaquionide of mangaaess = Mine 0 
375 ox mange . “ ‘of manganese = Ma Oy. 
ad ={e “4 neil = MaOy 
a0 * “ permanganic acld = Mny On 
In the combinations of carbon, the ratio of 
the oxygen ix ax. 5 Leg:2 
In the combinations of nitrogen, the ratio 
of the oxygen is ax ° . oy Ae82866, 
‘And in the combinations of manganese, * 
the ratio of the oxygenisas =. 1:1$:2:8:8) 
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It is obvious that these numbers stand in a very 
‘simple mitio to each other, and that the lurger numbers 
‘are a multiple of the smaller number; this is expressed 
ee 

Gaseous bodies always combine with each other in 
| Pe, ‘The volume of the gases is very often 
fess, after combination, than the sum of their volames 
in their separnte state. 
Examples. 
From 1 vol of chlorine and 1 vol. of bydrogen are 


ee Sra at ngceogen and 1'ycl of ubisigen amp 
formed 2vols. of ammoniacal gas, 

From 6 vols. of hydrogen and 1 vol. of sulphur are 
formed 6 vols. of sulphuretted hydrogen gas, 

Thus the same constancy characterizes the combi- 
nations by volumes as those by weight, and they are 
marked by @ still greater simplicity. And if it were 
ag to convert all bodies into gases, probably a 

similar simple by measure or volume would 
be observed in all chemical combinations. 

274. Atfoms.— After having proved by a vast number 
of facts, the result of the most laborious investigations, 
that combinations always take place accord- 
ing to fixed volumes and weights, the cause of this 
-wonderfol immutability is sought for. A thinking 
man, when be knows ¢hof a thing happens, and how it 
happens, will always inquire, Why is it thus, and not 
otherwise? This question could not be solved by any 
effort and observation ; but reflection has 
ee meray eben ty whioki me. eau. oc 
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fen Thos is explained the name atomus (that which 

eanaot be divided). 

4) They are so small that they can neither be seen 
‘per counted, even by means of the most powerfal mng- 
ailying-gisss; and they have, therefore, only an imagi- 
sary existence. 

5.) When a solid body separates slowly from x fluid, 
its atoms have time to arrange themselves beside each 
other in a definite manner, and we obtain regular erys- 
tals ; but on becoming suddenly solid, an irregular dise 
position of the atoms takes place, and the body appears 
emorphous (vitreous or pulyerulent). 

6.) The position of the atoms towards each other 
may be earied. As four balls may be put in the fol- 
lowing positions, — 


en0088 &c8o So 


0 atoms also may lie beside each other, arranged 
sometimes in one and sometimes in another manner. 
‘Thus is explaincd why one and the same substance 
may often appear in different forme of crystallization, 
or with a different structure, consequently in two dif- 
ferent states (dimorphous). Sulphur, ut ordinary tem- 
peratures, crystallizes from its solutions in octahedrons; 
but when fused, it crystallizes on cooling in oblique 
aos (§§ 126, 126). “A newly forged iron axle has « 
fibrous (extare, but after being used for some time its 
texture becomes grumlar. 
7) The atoms of different bodies have also probably 
a different size. A regular square may be constructed 





by a bean —(®- by a mma PY 


then in both cases the regular form is disturbed; it re 
mains, however, unchanged, when a ball of lead of the 


same size as the pea is substituted for it, 





thongh the square will now present a different appear- 
ance. ‘This is an illustration of what occur with the 
atoms, We have seen, in the case of the alums, that 
the potassa may be replaced by soda or ammonia, or 
the alumina by sesquioxide of chromium or sesquioxide 
of iron, without changing the form of the crystals, We 
therefore conclude that potawa, soda, and ammonia 
have equally large atoms ; they are isomorphous (of the 
sume shape); the same applies also to alumina, and to 
sesquioxide of chromium and of iron, If we see, on 
the contrary, that a change takes place in the form of 
the crystals when we replace one body by another, we 
thence infer that there is an unequal size of the atoms 
in these bodies. 
8.) The isomeric state of bodies is 

simply by the atomic theory. The most manifold pel 
regular grouping may be produced on a chess-board by 
transposition of the white and black squares; for in- 
stanec,; — 
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ipsiecica-tooreolciosncsthie crenceeme o 
third and simplest name for them, afomiec weights. 
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HEAVY METALS. > 
| x inst GROUY OF THE HEAVY METALS. 


TRON, FERRUM (Fe). 
Be Ax Wt.=350.— 8p. Gr=7- 


276, Te gold ts called the’ King? of mnelala, row enmnd 
be deemed by far the most important and useful sub- 
ject in the metallic realm. Tron was formerly regarded 
as the symbol of war, and received the name of Mars, 
and the symbol g ; but who does not know that it has 
how attained alao 0 great, an indescribably great impor 
tance in the penceable oceupations of men? Tt is not 
‘only converted into swords and cannons, but into 
ploughshares and chisels, and into # thousand other 
implements and machines, from the tries 3 
to the wonderful steam-engine. It is the 

which the arts and trades have mounted to an 
extraordinary height, It is the bridge 

pew gle oer mcncsin 4an eel 
rapidity almost of magic. 
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‘Pare gold is found on the surface of the carth, and it 
‘oily necessary to free it from earthy admixtures to 
it in ® pure metallic state. Not so with iron. 
The ore in which this lies imbedded must be procured 
the earth by skilful operations, and its oxygen ex- 
by Ingenious methods, and by exposure to the 
fire, in order to convert it into metallic iron; 
‘Se latter must again be fused and refined by different 
operations before it can be forged and welded. Gold is 
presented to men by nature ns a gift, but iron must be 
smggled for by the most laborious toil, by exertion 
foth of the bodily and mental powers. ‘Th 
become m blessing to those countries whose 
se occupied with the mining and working of it; for, ax 
listory teaches, in those countries are found the bless- 
ings attendant on labor, health, contentment, prosper- 
ity, and intellectual culture, in a far greater degree than 
in those countries where gold abounds and industry is 








Ia another respect, also, iron, of all the heavy metals, 
appears to be the most important to mankind, It is 
the only metal which is not injurious to the health, the 
‘only metal which forms a never-failing constituent of 
the body, especially of the blood; the only metal, finally, 
which is found everywhere on the earth, in all stones 
‘and soils, and in almost every plant. Although we arc 
ignorant wherein consists the influence which it exer- 
cises upon the life of animals and plants, yet its unix 
‘Yereal diffasion must lead us to conclude that it has 
pleased the Highest jom to invest iron with a 
importance for organic life similar to thut possensed 
by common salt, lime, phosphoric acid, and some other 
substances. 
















UEAVY METALS. 


Experiments with Irom (Iron Ore)e 


276. For these experiments fine irom filings are em 
ployed, such as ace kept in 


apothecaries’ 
Experiment a.— Place 174 grains of 


i 


iron filings ' 
‘a piece of charcoal, and heat it for come minutes in the 
flame of the ow Hips: ries eae 


102 i 
ia 
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these numbers by 20, you 


obtain 350 grains of iron (1 atom), and 26 

oxygen (} atom), or four atoms of iron to one atom of 
oxygen. This body may be termed suboxide of trom 
In the protoxide of iron, one atom of iron (350) 
combines with one atom of oxygen (100); 

the suboxide may be regarded as a mixture of 
atom of protoxide of iron and three atoms of metallic 


iron. 


Experiment b.— Subject agnin the above 
rod heat, fora longer period, in the blow. 
Tt contines to increase in weight until 
gained from six to seven grains. It now 
same combination as was produced by the 
iron in oxygen, and in the forging and welding of 


a 








green 
of ail of vitriol ; ee nny sae 
‘the name of caput mortwen, English or polishing rouge 


as in ved hematite; or carthy, a in r0d och Kb 
often also mixed with clay, and is then called clay iron 
stone. ‘The coloring matter of red stones or earths ix 
owing to the presence of sesquioxide of iron, Many of 
the above-named bodies form immense beds in the ine 
terior of the earth, and are used as valuable ores (spec 
wer tron) for the manufactare of iron. 

¢.— Introduce some iron filings into a 
tumbler, and fill it with spring-water; the iron will 
gradually lose its lustre, and assume a black color; it 
is converted into magnetic oxide of iron. Repeat this 
experiment with water that has been boiled; in this, 
the iron will retain its metallic lustre, ‘he cause of 
this difference is owing to the air and carbonic acid, 
which are present in all epring-water, and slowly ox- 
idize the iron. ‘These gases are expelled by boiling, 
therefore no oxidation takes place in water that has 
been boiled. 

Experiment f.—If you now’ pour off the water, so 
that the iron comes in contact also with the alr, rest 
begins to form upon it, ‘The iron absorbs #0 much ox- 
ygen that it becomes a sesquioxide; it also absorbs a 
definite quantity of water (3 atoms), which may be re- 
garded as the cause of the yellow color of rast, Rust 
is therefore hydrated sesquiozride of iron (Fo, Oy, 3 HO). 
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rast to the bottom. angen 
with great avidity, and is conserted into magnetic oxide 
of irom, and finally into hydrated from, 


Perc t cocci rt Papilio 
‘to the nir. very pellicle 
aorta der pepe yellow reflection; a 
thicker pellicle, a red or brown, and a still thicker one, 


| 

| of izan is the source of the brown mud which is de 
posited in large quantities from some waters By the 
accumulation of this mud, large beds of ‘ 
quioxide of iron are formed, known under the name 
of bog-iron ore, and from which iron is worked. ‘This 
ore usually contains also some phosphoric acid. 

"Phe carbonate of protoxide of iron is found in many 
countries in the form of # light gray massive stone, and 
in snch large quantities that iron is obtained from tt 
‘The fainous Styrian steel is principally prepared from 
this ore, which is called spathic iron ore, or spherosld= 
crite, Mixed with clay, it very frequently occurs aseo- 

| Glated with pit-ooal, and it is from this ore that tows OF 
the English iron is obtained. 

277. In attending to the combinations which from 
yields with oxygen, we have also become acquainted 
with the most important iron ores fram whieh fron i 
prepared on a large scale. ‘They are the followingt— 

Fe O + Fe, O,, or magnetic iron ore. vs 
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charcoal! or of coke are now thrown into.« large furmace, | 
called the blast-furnace, constructed as shown im the 
annexed figure. 


nee 





'The portion a of the blast-furnace is called the shaft; 
4 is the boshes, ¢ is the crucible part, and ¢ is the dearth. 
‘The mouth of the furnace serves both for charging the 
materials, and for the escape of the smoke; it is thus 
both a door and a chimney. In the upper portion of 
the shaft the mixture is heated to redness (it is roast 
ed); during this process the carbonic acid of the lime 
stone also escapes. Farther down, the chareonl ab- 
stricta from the iron ore its oxygen, and eseapes with 
it ab carbonic oxide, which at the opening is entirely 
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re slowly, it is rendered elastic, aud if cooled 
lys it is soft, duetile, and malleable (like bar 
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‘exygen and’sulphuric acid, and combines with both of 

—_ = * them; 32 grains of me 

tin ‘allie copper are de» 

posited, while full 28 

! grainsof ironhare been 

| Tosotutte dissolved, But 32 is to 

28 nearly as 396 (the 

weight of copper) ix to 350 (the atomic 

‘Weight of iron); accordingly, one atom of copper is re- 

placed by one atom of iron. ‘This process is called the 

reduction of «metal by the moist way. The supervatant 

liquor contains in solntion no longer any copper, bat 

only green vitriol, which may be crystallized by evap- 

oration. Thus is explained the inappropriate name of 
copperas, very commonly applied to sulphate of iron, 


Experiments with Green Vitriol, 

Experiment a.— Let a solution of green vitriol stand 
for some time in the air; it will gradually assume « yel- 
lowish color, and a Lrownish-yellow substunce, hydrat- 
ed seaquioxide of iron, is deposited, All the other salts 
‘of protoxide of iron do the same; namely, they attract 
axxgen from the air, and are gradually converted into 
salts of sexqnioxide of iron. But the acid present is 
not sufficient to dissolve all the oxide, as this hasa 
greater capacity for suturation, that is, requires more 
seid for its solution thun the protoxide of iron does; 
therefore, a portion of the oxide formed falls to the bot- 
tom. For the same reason, a sesquioxide or peroxide al- 
ways separates from the protoxide salts of the ather met- 
ols, when they are converted into higher oxide salts. A 
clear solution may be obiained, by adding a sufficient 
quantity of avid to dimolve the precipitated oxide. 

| Experiment b.—Boil half an ounce of green vitriol 
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1 2 

afialetot/osajulokida ctlien ana Grupa : 
(see former experiment), and (3.) a mixture of the first 
and second; and then add ammonia to each of the 
three liquids, until they emit a distinct ammontacal 
odor. ‘There is formed in the 

% Botution of protoside of ion, » greealshwianin 
cipitate of hydrated protoxide of iron; 

ry Solution of magnetio axide of fon, «bse ree 
itate of hydrated magnetic oxide of iron 

& Solution of peeruictida of cbs mgelleaaaeE 
precipitate of hydrated sesquioxide of iron, ~ 

Ammonia is « stronger base than either protoxide or 
sesquioxide of iron; for this reason, it abstracts from 
‘them their sulphuric acid, and the oxides will be precip. 
itnted, since almost all the metallic oxides are insoluble 
in water. If the metallic oxides, at the moment of their 


> alll 





they readily com- 
bine with it, form- 


a ing hydrates. -‘Phia 
is the reason why 
the metallic oxides, 

ania. which are obtained 
in the moist way, 


frequently have a very diflerent color from those prepared 
in the dry way (by 
heating toredness). 
If you heat the 
hydrate, the water 
is expelled, und the 
oxides appear now 
in their character- 
istic color. ‘This change of color is well illustrated in 
the case of common bricks, which, before being burnt, 
have a yellow color, owing to the presence of hydrated 
sesquioxide of iron; when burnt, they are red, because 
the hydrated water is expelled by the heat, and thereby 
snhydrous sesquioxide of iron is farmed, which pos 
seses a red color. If the above precipitates are filtered, 
astriking change is soon perceptible in the protoxide 
of iron, its color changing first to a dark green, then to 
black (magnetic oxide of iron), and finally to brown 
{bydrated xexquioxide of iron), according to the aamount 
of oxygen absorbed. As already stated, one of the most 
important properties of protoxide of iron is, that it 
combines eagerly with still more oxygen, a property 
which, as we have sero, it communicates also to the 
sults in which it is contained. 

The black precipitate of magnetic oxide of iron coms 
ports itself in the same manner. But if you boil it pre- 
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201, Ferrocyanide of Potassium, or 
(2KCy, FeCy +3HO, 
Experiment. — Heat to an 





vi ‘The potassium of the potussa, as we see, replaces the 
) ) iron in the eeequicyanide of iron, forming cyanide of po- 
, tassinm, which forms a double salt with the remaining 
|0 undecomposed protocyanide of iron, ‘The oxygen of 


cyanogen, As water is present, the cyanide of potas- 
sium may be regarded also as prussinte of in 
the protocyanide of iron as the prassiate of xide of 
fron, and the whole salt as a combination of | 

and protoxide of iron with prussic acid. Such being 
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— Compounds of Tron. 
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©) Protaxide of iron, 
| Heated protoxie of | 
4) Soxinicxile of iron, sed 
aye de of iron, yollowiah-brown. 
‘ofiren, "Black. 
Gately ). 
Sa 
&) Ki of the Oxides 
Paezrente See nee 
(Brown. 
= coheed errata fen fg to 
eee SF 
Picgine © 9 = Phosphate “ 
E.Bslcat malts. 


par Gellow). 
. Rerricyanide of potas 
Prerocyanide of copper (re). Fee ni 





Several experiments have already been performed 
Sith this mineral, which is chiefly obtained fram the 
"Xan Mountains and from Thuringia; we use it espe- 
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clally for the preparation of oxygen and chlorine, Tt is 
one of the few combinations of oxygen termed Ayiper- 
oxides ot superoxides ; so called because they contain an. 
excess of oxygen, which they give out when heated to 
redness, or when heated with sulphuric acid. 100 
ounces of black oxide of manganese, which contain 36 
ounces of oxygen (2 atoms), yield at 2 moderate heat 
9 ounces (} atom), at an intense red heat 12 ounces 
(# atom), on heating with sulphuric acid 18 ounces 
(1 atom), of oxygen. ‘Therefore hyperoxide of man- 
ganese is excellently adapted for combining other bodies 
‘with oxugen, as was shown in the preparation of chlorine, 
when the oxygen of the hyperoxide of manganese oxi- 
dized the hydrogen of the muriatic acid, forming 
and thereby liberated the chlorine of the muriatic acid. 
Glaes-makers often add hyperoxide of manganese to 
the fused glass, to render the color of the black or dark- 
green bottle-glass yellow or orange, « shade which is 
generally preferred. In this case, ulso,an oxidation is 
effected by the hyporoxide of manganese. ‘The dark 
color of the glass is owing to the protoxide of iron; 
this obtains oxygen from the hyperoxide of manganese, 
and becomes sesquioxide of iron, which colors the fused 
glass brown or yellow. On this account, black oxide 
of manganese is culled glass-makers' soap. I ndded in 
salt proportions to white glass, it gives it a violet color, 
and in this way artificial amethysts are made, 
Experiment, — Mix into a thin paste with water one 
fourth of a dram of finely pulverized hyperoxide of man- 
ganese, one dram of litharge, one of clay, and spread 
it over a tile, Put the latter between two glowing 
couls, or direct upon one part of it a strong blow-pipe 
flame; the mass melts, and forme on cooling a brilliant 
black coating, or, if less manuganese be used, @ brown 








presence of chloride of iron, Most of the salts of the 
protoxide of manganese have a reddish color. 
ees eco teae oca 
a ree 

jaan On to the air, the solution 
| Experiment o.—On exposure air, 

acquires a dark-brown color, and after a time deposits 
i ny 


- 
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plana graeme on hie 
solution of the sulphate of protoxide of iron. ‘The 
protoxide of manganese attracts oxygen from the air, 
and is converted into hydrated sesquioxide of manga- 
Siberia: ne apni eae eT 
being present: to retain all the seaquioxide in solution. 

Experiment b,— If some ammonia or potassa is added 
to another portion of the solution, the stronger bases 
will overpower the sulphuric acid, und Aydrated prow 
tomide of manganese (MnO + 1.0) will separate as a 
white precipitate. On filtering and drying, it will be- 
come converted into dark-brown hydrate of seaquioxide 
of manganese (Mn, O, -}- 3 HO), precisely as occurred 
with the hydrated sesquioxide of iron. If a pirce of 
linen, immersed in the solution, is dried, and then 
passed through @ solution of potagsa, the 
will adhere firmly to the fibres of the cloth, and will ac- 
quire, on exposure to the air, a fine dark-brown color, 
called by dyers manganese-brown. 

Experiment c.— Add some sulphuretted hydrogen to 
a third portion of the solution; no change takes place 
until some ammonia is added, wher a flesh-colored pre- 
cipitate ia produced, consisting of manganese and sul: 
phur (Mn 8). Tn this manner, the presence of manga- 
nese in a solution may be ascertained, for manganese ix 
the only metal which, on combining with sulpher, 
yields a metallic sulphuret of a pink color. This ex 
periment also affords another example of double elee- 
tive affinity causing a decomposition which could not 
be effected by simple elective affinity. 

B01. Acids of Manganese. — Manganese is characters 
ized by combining with still more oxygen than is 
already contained ii the hyperoxide. 

Experiment.— Mix intimately together in a mortar 
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The most remarkable characteristic of these acids 

is the facility with which they surrender that portion of 
their oxywren which stamps them os acids, Even w 
piece of wood, paper, or any other organic substance, 
throwa into the green or red solutions, 
‘them and removes their color, and for this reason they 
should never be filtered throngh paper. From its sine 
gular changes of color, manganate of potassa has re~ 
ceived the name of chameleon mineral. 

302, Manganese forms with oxygen alone a great 


variety of combinations, 
345 Ts, of manganese /form with) benbinrpa Provide of mene 
ora Mn 0 # a0 ganowe,— Mn O, 


45 Ih, of manganese, form with 150 tn of oxygen | Sesquioside of man 
ort at Ma 2 iat 0 ‘anes, == May Op. 
349 The of munzanese ona 200 tbe. of oxygen | Hyperoxideaf mani 

or at. Mn 202.0 ganene, = Mn Oy 
34 Ibs. of manganese, farm wi 000 te are Manvanic acd, 

oF Lat. Mn =MnOn 
4 ths ofoanganes {rm wih 350 “eine ‘Permanganio weld, 

ortar Mn | * | hor —=May On 

It is, moreover, hereby sete very obvious, that it 

is the quantity of the oxygen which makes one and the 
same element sometimes a base, sometimes an acid, 
Some idea muy be formed of the greut mrmy of salts 
which manganese alone, in virtue of this double char- 
acter, can coll into the ficld, when we reflect that it 
not only combines with all the acids, forming protoxides 
and sesquioxides, but also with all the bases forming 
manganates and permanganates. 

bey 

COBALT (Co) AND NICKEL (Ni). 

AN Wi = 368, —Sp.Gr=85. At Wem a69,— Sp. Gr mee 


903. During the Middle Ages, when the miner held 
intercourse with earth-spirits und goblins in the solitary 
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and azure, not only as a vitrifiable Slenesti len lees 


he amen ring it expt, he mat es an 
nickel are melted with from four to five times as much — 
brass (copper and xine), whereby a metallic mixture (an 

ery-wbite color, beautiful beillianey, and 


used, a8 a substitute for silver, in the manufacture of a 
great variety of articles, not only of convenience, but 


of luxury. 

306, As pure metals, cobalt and nickel have a great 
similarity to iron, both in their external appearance 
and in their combinations; but they are nobler met- 
als, that is, they do not, attract oxygen with such 
avidity, and they do not rust so readily as irom, ‘The 
three metals, iron, cobalt, and nickel, constitute, as has 
been already mentioned, the magnetic trie; they alone, 
of all the metals, arc attracted by the magnet. It ia, 
moreover, remarkable, that just these three metals al- 
‘ways occur in meteorites, which occasionally fall to 
‘the earth, we know not whence, in a glowing state 
(meteoric iron, meteoric stones). 

‘The fly-poison of the apothecaries is alao frequently 
called cobalt, but most inappropriately, as it does not 
contain a particle of cobalt; it is metallic arsenic. 

307. Both these metals, like iron, form with exygem 
a protoxide and a sesquioxide. » 

Protoxide of cobalt (Co O) is of an ast-gray color, 
and its hydrate is pink; sesquioxide of cobalt (Co, O,) 
is black. ‘These oxides are frequently employed in 
painting on porcelain and gloves. 
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| 

It usually ocenrs in commerce in the form of sheets, 
which are so brittle, that they may be broken by the 
hammer into small piccos; the fresh fracture exhibits a 
Aackly* crystalline structure, and a bluish-white color, | 

310. Experiments with Zine. 

Experiment a.— When polished zine remaing exe 
posed to the air for some time, it loses its lustre, and is 
covered with a gray film. ‘This film consists of zine 
combined with a small quantity of oxygen, and iscalled 
suboaide of xinc. 

Experiment b.—I a piece of polished sheet zine be 
alternately exposed to the action of water and of air, it 
will become gradually covered with a white film; it 
rusts like iron, but the rust of zine has a white color 
Tn iron the oxidation proceeds rapidly towards the inte- 
rior, but not in zine, or only very slowly? therefore 
articles made of sinc, when exposed to the wind and 
weather, last much better than those mude of iron, and 
for this reason, also, iron articles are frequently coated 
with zine (galvanized iron). Iron-rust is hydrated se 
quioxide of iron, zine-rust is hydrated oxide of zine. 
Zine attracts not only oxygen, but also some carbonic 
acid, from the air, and this may be recognized by the 
effervescence which follows when some acid is dropped 
upon the rusted zinc; consequently, the white film is a 
double compound of hydrated oxide of zine with en 
bonate of oxide of zinc (basic carbonate of the hydrated 
owide of zinc), 

Experiment c.— Hold « piece fee a 
pair of tongs or pincers in the alcohol-flame, until 
hivees if you touch it with a piece ot inte Saag 

@ you now quickly hammer it upon a stone or anvil pre- 
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affinity for oxygen, in consequenee of which it long 
retains its brightness in the air and in water, —its easy 
fusibility, which renders it pecaliarly well adapted for 
casting, and for coating other metals (tinning). Tt has, 
indeed, lost much of its earlier importance as a mate- 
rinl for making many vessels of domestic use, such as 
dishes, cans, &e., since such articles are now hand- 
somely and cheaply manufactured from glass and por- 
cclain. But it is now applicd in the arts and tmdes 
in a variety of ways not formerly in nae. In the older 
works on chemistry, it is called Jupiter, and has the 
symbol 2. 
817. Experiments with in. 

Experiment.— Vent » piece of tin upon charcoal be- 
fore the blow-pipe ; it will soon become covered with a 
powder, of a yellow color when hot, but white when 
cold; this is perowide of tin, a combination of one atom 
of tin with two ntoms of oxygen (Sn ,). Peroxide of 
tin thus obtained is not soluble in any acid, and cannot 
be fused by the strongest heat. It is so delicate a pow» 
der, that it is often used for polishing glass and metals. 

Tin also occurs native a# an insoluble oxide, either 
crystallized (erystals of tin ore), or scattered through va- 
rious kinds of rocks (tin-etone of Saxony and Bohemia), 
or, finally, ns an ingredient of the sand or débris of low 
grounds in many countries (wood-tin in England). Oxe 
ide of tin is the only ore from which tin is largely extract= 
ed; its most common admixtures are iron and arsenic, 

Experiment. — Plage two grains of tin and eight 
grains of lead on charcoal, and heat them before the 
blow-pipe; they melt and combine most intimately 
with each other; an alloy of tin and lead is obtained. 
Af this is heated to redness, the oxidation proceeds so 
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the tin only is dissolved; tin has, accordingly, the power 
of protecting lead from the attacks of acids. 4 


Tin and Muriatic Acid. 


319. The most important solvent of tin is 
acid; the two most important galte of tin, 
and perchloride of tin, are prepared by menns of it — 
porcelain bowls or earthen pots some tinfoil, and 
then add some muriatic acid to one of the portions. 
After some hours pour this acid upon the tin of the 
second vessel, and then again into the first vessel, re- 
peating the process so that the metal may come in 
contact for same days alternately with the air and the | 
muriatic acid. Protoxide of tin is formed by the oxy- 
“S. — gen of the air; it is dissolved by the acid. We thus 
~ obtain a solution of the muriate of protowide of tim, ot 
“S — protochloride of tin, from which, on evaporation and 
‘ey cooling, colorless rhomboidal prisms arc deposited. In 
~ commerce this salt is called salt of tin, It possesses, in 
common with the salts of protoxide of iron, the prop- 
erty of attracting with great avidity still more 

dfsmn fhaete, and changin ioto spears aa 
is explained why the salt of tin, which hae been 
some time exposed to the air, no longer presents 
clear, but a. milky, solution, Trabain Aare 
mauriatic acid must be added, which combines with the 
precipitated peroxide of tin, * 
320. Protoxide of Tin (Sn O),— Experiment, — 

some ammonia upon a solution of salt of ‘Ga 
white precipitate which is formed 

of tin. By boiling the solution, the combination of 
protoxide and watcr ia destroyed, and an. 
protoxide of tin is formed, vehich bees 
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Tin and Nitric Acid. a 
324. Experiment.— Heat some grains of tin with 
nitric acid in a test-tube; the tin is converted, under a 
brisk evolution of yellow fumes, into a white powder, 
peroxide of tin. ‘The nitric acid will perhaps convert 
the tin into an oxide, but it cannot combine with the 
oxide produced. ‘The peroxide of tin thus obtained 
combines indeed with other acids, but not so. 
as that obtained according to § 321; that prepared br 
heating does not at all unite with them, as has been 
already stated ($317). Peroxide of tin accordingly oe 
curs in threo isomeric states; namely, the insoluble, the 
very easily soluble, and the difficultly soluble, im acids. 


Tin and. Sulphur. 

325. Ezperiment.— Sulphuretted hydrogen water 
produces, in a solation of protochloride of tin, a reddiah- 
brown precipitate of protosulphuret of tin (Sn 8), and 
in a solution of perchloride of tin a yellow precipitate 
‘of bisulphuret of tin (Sn 8). It is obvious, that in the 
first case one atom of chlorine is replaced by one atom 
of sulphur, and in the latter case two atoms of chlorine 
by two atoms of sulphur, 

Protosulphuret of Tin (Sn S).— Experiment. — Both 
these metallic sulpharets may be prepared in the dry 
way. Envelop 12 grains of flowers of sulphur in a 
picee of tinfoil, weighing 24 grains, then roll up the 
package so that it may be introduced into a test-tube, 
and heat it; half of the sulphur burns up, but the other 
half, under a lively glowing, combines with the tin, 
forming a brownish-black mass of a metallic lustre 
(8 8). I you sprinkle the glass, while still hot, with 
water, it is rendered friable, and can easily be separated 


i ata 




















360 MRAVY MBTALS. 


‘tin emits a grating sound on tearm igie la - | 
ing the operation several times in snecession, it becomese 
very say the reason is, ereeqies, on | 


Experiment. — Vent a piece of tin plate (tinnedsiron 

cs plate) upon a tripod, over & spirit | 

lamp, till the tin is melted; then 

quench it with water, that the tha 

may harden quickly. The surface 

of the plate has a dull gray aspect, 

for it is covered with a film of — 

oxide; but the most beautiful crym 

talline figures will very soon appear upon it by rabbing | 

it alternately with bulls of paper, one of which is mola 

toned with diluted aqua regia, and the other with po- 

tasea lye, Both these liquids dissolve the conting of 

oxide, and lay bare the pure metallic tin surface (moiré 
métallique). 

827. Tinning.— Experiment.— The method of eoat- 
ing copper or brase with tin has already been deseribed 
(§229). This may be done also In the molat way, by 
heating to their boiling point finely divided tinfoil, or 
tin scrapings, in a pot with cream of tartar and water, 
and then boiling for half an hoor in this liquid some 
brightly polished copper or brass urticles; as, for ine 
stance, cents or brass naile, The five acid of the cream 
of tartar effects a solution of some of the tin, and on 
longer boiling this tin will again separate as a metal 
upon the more electro-positive copper or brass, as in 
§254. In this manner pins are tinned, or whitened. 

Experiment, — Let some vinegar stand over night in 
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‘#rewel of tin plate, and then test it with a solution of 
pli; the purplish color which forms indicates that 
repel aon dissolve: ss Sed ae ine 

#0 poisonous as ‘or copper, in- 
Epetee Yh boallhpaherees, ald toed and Anke eh 
eer nerdnany leagtvet tive ts vor 


rs ter ign ctneans crane 
zine, which is hammered out into extremely thin 


ae ‘URANIUM (UT). 


ci At We = 160,—Sp. Gr. = 1 
. 


2 ee ti cocamence under the name of oxide of wra- 
| nium. Ata white heat it is reduced to black protoxide, 
‘and yields a very permanent black pigment for painting 
on porcelain. The yellowieh-green {imey-green) als — 
‘now so poplar, likewise owes its color to the oxide 
‘uranium. 


‘The following metals, Cerium, Lonthanium, and Die 
_dymisms, axe mentioned here only by name, as chemical 
puities. 


| -RETROSVECT OY THR FIRST GROUP OF HBAVY 
METALS. 


‘redness, or with the presence of an acid (water-decom- 
31 
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ag a white powder. Bids ocmrectel ty anton aay 
yellow anhydrous oxide of lead. 





889. Carbonate of the Oxide of Lead (Pb O, Ct 


‘Add to a solution of sugar of lead a solution of care 
aR Rap yee, ai 
Ly ite 
known under the name of white lead is likewise care 
bonate of lead, but mixed with variable quantities of 
hydrated oxide of lead (basic carbonate of lead). ‘This 
it prepared on a large scale in different ways. - 





chambers, it dissolves the oxide of lead, and then 
tenders it to the carbonic acid; when it has given up 
the first portion, it dissolves a second, &c. It is obyi- 
ons that in this way a small quantity of acetic acid (or 
else of sugar of lead) is sufficient to aid in converting 
gradually a large quantity of litharge into white lead. 


or tan, and rolls of sheet-lead are then suspended in 
the jars above the vinegnr, and the whole covered with 
another layer of stable-manure, After the 

several months, the rolls of lead are found to be: 

if not entirely, converted into white lead. The mai 

ia decaying straw, the spent tan is decaying wi 

cay is a slow combustion, or, what is the ‘ame 1 

4a slow conversion of organic. substances into © 
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in the solution; it has been replaced -by the acetate of | 
zine; the stronger zinc has abstracted from the weaker | 
lead all its oxygen and acetic acid. By this experis | 
‘ment, not only the difference in the strength of 

of these two metala is clearly shown, but ft 

illustrates also the stochiometrienl law of chemical 
“combination and decomposition ; for it is only neces 


Lead and Sulphur. ] 

BAL. Sulphuret of Lead (Pb oe 
some sulphuretted hydrogen to a solution of f 

lead; the deep black precipitate is sulphuret of lead: 


exceedingly sensitive test for salts of lead. 
In this combination, namely, as sulphuret of lead, 
most frequently find lead in nature, and from it alone 
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g yet more exrbonic ree 
bine color, and is converted L 


3650. Experiment.— Hold brightly polished copper 
coin over the flame of nephicloeon yee ‘the color changes 


tories. This accounts, aleo, for the red 


Za 


Bt ok sae ee in this 
‘beautiful red color is aS 
il 


soluble in alcohol, is separated. ‘Phe water may be 
abstracted, also, in this way from other solutions of 
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Pig Wer. 


i phial, ‘enough 
to break out the bottom, file off the ebarp 
edges of the fractured part, and bind a 
moistened bladder over the mouth of the 
phial. ‘Then twist a wire firmly tonnd 
‘the phinl, in such a manner as to form two 
or three supports, by means of which it 
palbarvedld ete ser) a 
Let a strip of strong sheet-zine, of the 
width of the finger, and five inches long, 


‘be soldered to a strip of thin copper: 
ten inches long, and bend the : 
per as represented in the | figare- 


Du coli ie Salieri 


of the copper strip, — for instance, a | 

some other metallic object, the raha ce HAAG 
wish to have. Now fill the phial three quarters fall with 
very diluted sulphuric acid (one dram of 

to two ounces of water), introduce the zine, and sas 
pend the apparatus in a tumbler, in whieh m saturated 
solution of blue vitriol, and also a few whole erystals 


> al 


of blue vitriol, have been put, In the 
course of a few minutes the coin will 
be covered with a thia film of metallic 
copper, and after several days wilh 
Jayer several lines in thickness, which 
may be removed as a coherent masa. 
‘Tallow and wax must be smeared 
over those parts of the coin and plate 
‘on which the copper is not to be deposited, ‘The sank 
impression thus obtained may be used in the same 
way again, instead of the coin, mould for obtain- 
it raised impression. When the evolution of the 
‘the phial has ceased, a few drops of strong sul- 
acid may be stirred in, or the liquid, whieh con- 
tains sulphate of zinc in solution, may be replaced by 
& fresh supply of diluted sulphuric acid. Salt water 
tay also be used instead of sulphuric ucid, but then 
‘the separation of the copper takes place more 
‘Phe decomposition of the blue vitriol has, in 
ease, been effected by the galvanic current, which is 
always generated when different kinds of metals come 
in contact, or are introduced into different liquids. The 
bladder is a porous substaner, through which the gal- 
yanie current may pass. Galvanism here takes the 
Piet Visine obs hence the tee pelosi 
‘Plastic, applied in Germany to electro-metallurgy. 
eS 
Basie vmnaner (gutrenie ging and slerng) x 


Copper and Acids. 





MAR eAlerhtof torper, or mainte of oxide of 09 


Ma a 


Tatrodnce some of it into the wiek ap; it 
dissolves in the alcohol, and colors the fame 
‘Write on paper with a very i the 


cooling, as in the case of chloride of 
ee eo with: 
ACCEAS 

j Ea Sine of One of Corer or Blue Vitriol, wee 


360, Nitrate of Oride of Copper (Ca 0, NO, +5 HO), 

Copper dissolves very readily in nitsie acid, forming 
a blue liquid ($162); if the solution is set aside ina 
warm place, blue crystals of nitrate of copper mre depo 
ited, which deliquesce in the air. necompanying 


Venuig illustrate the pro- 


vustie other metals, in nl- 


ready known that the nitric oxide gas which escapes 
becomes nitrous acid on coming into contact with the 
air. 

Experiment. — Envelop quickly in tinfoil some erys- 
tals of nitrate of copper, moistened with a drop of wa- 
tes, and prtee tho pasoel compactly eet ae 
‘upon a stone; flames and smoke will soon break forth 
from the bubbling mass, because the tin overpowers 
the nitric acid, and by means of its oxygen beeomes 
oxidized into oxide of tin. 

Oxide of copper forms, with phosphoric, arsenic, ox 
alic, and silicic acide, insoluble blue or green com- 
pounds, in the same way 8 with eatbonic acid. 


| — | 
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with this; namely, it bolls at 260°C, (consequently 
with only three and a half times greater difficulty then 
water), and it is therefore easily volatilixed and dis | 
tilled. 


Experiment. — Fasten to the cork of a phial contain- 
ing mercury a piece of wood, uflixing to the bottom of 
‘the Intter some genuine gold-leaf; the gold, after some 
days, will have assumed a white color, and be converted 
into an alloy of gold and mercury. It is abyious from 
this, that fames of mercury must be contained in the 
air of the phial, and that mercury, like water, evaporates 


of the furnes should be avoided, pending 

and decanted over a bowl, so thut, if any portion of it 

should happen to be spilt, it may not fall upon the floor, 

Spirit-thermometers only should be enspended in 

ing-apartments and sitting-rooms, since, from the aeci- 

dental breaking of the mercurial thermometer, the ate 
would be vitiated by the mereary ronning 

into the chinks of the boards, from which it evuld 

be removed only with great difficulty. The same rule 

applies, too, to green-houses, a8 the fumes of 

are also poisonous to plants. As, in 

water, mercury boils at a very high, and | 

very low temperatare, and as it has a 

weight, it is for these reasons excellently, 

construction of thermometers, barometers, areometers, 
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HEAVY METALS. 
Cinnabar also occurs in nature, and we have in it 


the most important ore, from which we obtain mercary 
ona large scale. Small globules tr ser 
Ce ee ey Pa 

877. Preparation on a Large Seale. 
Mix a little vermilion with a aes 
filings, and heat the mixture in a dry 


phar remains combined with the iron, Mereury is ob- 
tained ina similar manner from native cinnabar, | 
distilling it with iron or Lime in large iron retorts; | 
foreign earths remain behind in the latter. ‘This heavy 


tained. Meranry will condbinie in" 6"GihB6e Rama 
with most of the metals, forming what are called amar 
gams. ‘The amalgam of tin is especially important for 
silvering glass, so that the mays of light falling upon the 
surface of the glass may be reflected by the bright coat 
ing of the amalgam, Such glasses are called mirrork 


SILVER, ARGENTUM (Ag). 
Ab Wt. = 1350.— Sp. Gr, = 105. . 
379. Silver conveys to us a distinct conception of 
what is understood by a noble metal. We can leta 








yo Pe 


on a 


380, In order to oxidize silver, it must be treated 
with acids; it dissolves most readily in itrie acid. In 
the following experiments, care must be taken not 
tonch the solution of silver with the finger, as the skin 





nitric acid to a silver coin placed in a 
which must be put in a warm place; if after a few 
days the coin is Pe cing diasleoli ota 
acid, and wait till the solution is completed. The blue 
solution consists of oxide of silver and of oxide of eop- 
per, both combined with nitric acid. % 

To separate these two metals from each other, put 
neces licight ‘copper colnet Se 
aside in a warm place for a occasionally give 
ing it a circular motion, Pili ddiceyy = 8 
pare silver, which are to be digested with ammonia, — 
‘until this ceases to be colored blue, ‘The silver, after 
being washed and dried, is dissolved for the second 


2s 
** The gold and silver cains [Pederal Money] contain nine tenths pure 
sa enl oan eth ly 








om percussion ar friction. Another explosive compound 
| eet 
1 ¢c.— Chloride of Sitver.—Dilute with wa- 
yt of tho solution of ailver obtained in § 330, and 

to it muriatic acid, or solution of common salt; * 


a 














398 HEAVY METALS. 


from this ore by means of tead, in the same way as 
potaasa in dinolved and extracted from wood-ashes 
water. The calcined on tlead WHda bege pg 
tion of lewd, and then fused and ran into pigs, called 
Equation-cakes, which are placed, with layers of char 
coal, upon an inclined hearth. When the coal is iguited, 
ihe ‘bent io indeed euffcent to\ eal tha le bate 
the copper; consequently the lead flows off, and carries 
with it the silver, whilst the copper remains behind. 
‘This mixtore of lead and silver is finally, as described 
at a, converted into metallic silver and oxide of lead 
in the refining-hearth. 
1 ec NR es cere Silver is often ex- 
‘tracted by means of mercury from the ores 
pure silver or sulphuret of silver, bat no admixture of 
lead. Bat in the case of silverglance the metallic sil- 
yer must first be separated from the sulphur. ‘This is 
done by two operations, Tn the first, the stamped ore 
is roasted with common salt, by which process chloride 
of silver and sulphate of soda are formed ; in the second, 
the roasted ore is mixed with water, iron, and merenty, 
and kept in constant agitation for some time in closed 
casks. Chloride of iron and metallic silver are 
formed, the latter of which is dissolved in the mercury, 
‘The exeess of mercury is then Gltered off, and a solid 
silver amulgamn is obtained by subjecting it to —— 
and the mercury is at last completely removed from 
the amalgam by distillation. 


GOLD, AURUM (Au). 
Ab Wh = 0498, —Sp. Ge. = 193. 


883, Though gold is found in most countries, yet it 
is disseminnted co sparingly, and the separation of it 


— im! 























MEANY METALS. 


Li 


able fact was observed, that the silver was completely 
dissolved only when three fourths of silver were present 
to one fourth of gold (two thirds of silver, however, is 
an adequate proportion); hence the term quartation. 
If more than one fourth or one third of gold is contained 
in the alloy, the gold exerts a protecting influence upon 
the silver, so that the latter is not attacked and dis- 
solved by the nitric acid. 

The most simple mode of testing gold is to rub wome 


of it off upon a black flint slate (touchstone), and ap- 
ply to the mark a drop of If the gold is 
pure the yellow stroke remains ‘but if ale 


loyed it partly disappears; if it is only an imitation 
of gold, for instance, tombac, it entirely dissolves. 
885. Gold and Acids.— None of the common acids 
alone can dissolve gold, since this metal is in # high 
degree indifferent towards oxygen and acids. Chlorine 
Stes only monas of ince ea 
Commonly the chlorine is obtained Son thin prexposn ral 
mixing moriatic with nitric acid; in this mixture, the 
well-known aqua regia, the gold dtesclvens r 
by sufficient heating, and a brownish-yellow | 


4 aaa 


thongh it does silver. Tn this case the remark- | 











iron, and into sesquichloride of iron; decomposition is 
thus produced, by the great tendency of the protaxide 
of iron to pass over into the seaquioxide of iron. In 
this way the workers in gold precipitate that metal from 
liquids containing it. By triturating gold powder with 
oil of lavender, the color made use of by painters for 
ing porcelain, glass, &c., ia obtained. 
Eee Dol and Capron Oot ha coer ante 
applied to the skin, or to any other organic substance, 
it imparts to iton drying a dark purple-colored stain, 
proceeding from the protoxide of gold (AuO). This 
‘of gold is also formed on the addition of the 
solution of gold to protochloride of tin (purple of Cas 
sius). That the most benntifal pneple color is produced 
by this on glass and porcelain has already been men= 
tioned, under the hend of tin (§322). Gold may be 
in its solutions by salt of tin ‘Teroxide 
of gold (Au O,) ix of a brownish-black color, and com 
ports itself like an acid towards bases, It combines 
with ammonia, like the oxide of silver, forming fall: 
nnting gold. 

389. Sulphuret of Gold. — When sulphuretted hydros 
gen is added to = solution of gold, a black precipitate 
of sulphuret of gold is produced, which is soluble in eul- 
phuret of ammonium. Gold cannot be united direetly 
with sulphur, by fusing them together, 





404 ABAVY METALS. 


lation of chloride of platinum = Pt Cl, is obtained 
(solution of platinum). A coal eee ee 


‘ tition, dl hs 
supernatant liquid; let the precipitate partly dry in a 
oe Se ee 

aaa vies meses ents NERY DONA , | 


i 
i 
| 
if 
itt 







same manner as the pump of an airgun, 
tapidly and vigorously ; it absorbs them, 
them so powerfally together into its pores, 
atoms of two different gases often approach 


sufficiently near to combine together 
peas ls emp ta 
unite, so the spongy platinum on RCE 


gnacs, which will not directly combine 
to enter into combination. 


Pare platinum is commonly prepared from : 
platioum, which is heated to whiteness and | 
secwpwee Nore pressure. rye 

obtained, which, on being again heated, be 
hammered out into uniform picces, and pr tel 


Bs. _ 














in the crade platinum sand, and are obtained on the — 
purification of the latter, by a somewhat elaborate pro- 
cess. etiey lo bac Tiss sacs eRe 


RETROSPECT OF THE SECOND GROUP oF THE 
HEAVY METALS 

1. The metals lead, bismuth, copper, mercury, sven, 
gold, and platinum do not possess the power of 
posing water, that is, of abstracting its oxygen, 
the metals of the first group; therefore, 
acids must be employed for their solation. 

2. Their lowest degrees of oxidation are bases, while 
peripecreareee igen’ | 





bases, sometimes like acids. 

3. These metale most frequently occur in nature 
uncombined, or as sulphureta, rarely as oxides. 

4. They have a greater specific weight than the 
metals previonsly described ; it varies from 8.8 to 214, 
(That of iridium is indeed 23.0). 

5 ‘Thos are: al prosigliated oe ees 
sulphuretied hydrogen und sulphide of 
Secret cil aed paleo co 
the latter reagent, 

6, The metals mercury, silver, gold, and 
together with the last-named associates 
are called noble metals, becanse they remain 
the air or in water, When oxidized by other 
by acids, for instance, the oxides may be again: 
‘merely by heat into metal and oxygen. ‘This is: 

‘the ignoble metals only by the addition of a re- 
agent, as by charcoal. 





tifal tabular or prismatic crystals. Rub an ounce of & 

na ie anaes ot Witte Oe 
orange-yellow ion. 

fe mad to one half of this solution a 


added to a solution of the yellow salt, the liquid be- 
~ eomes darker, and on evaporation red crystals are ob- 
tained, mixed with crystals of nitre. It is obvions that 
the nitric acid has abstracted half of the | 
399. Chromate of Oxide of Lead (Pb 0, Cr 0). — 
Experiment, — Add to a portion of the solution of the 
red salt a solution of sugar of lead, as long as there is 
any precipitate; thix precipitate, when washed and 
dried, is the well-known chrome yellow, and is the 
richest and most vivid of all the yellow pigments, By: 
mixing it with white substances,—for instance, chalky 
tale, clay, gypsum, &c.,—numerous other shades of 
yellow are obtained, as now-imperial, king’, Paris, Ae, 
yellow; but by mixing it with Prussian blue, the well- 
known tt ee Pee a ae | 
green, Naples green, green cinnabar, 
Experiment.— If chrome yale i dared ape 
water and heated with some carbonate of potassa, it 


than the chrome yellow ; accordingly, the potas ab 
stracts from the chrome yellow a portion of the chromi 


ucid, which is rendered apparent by the yellow color of 
Pi the liquid filtered off from the chrome orange. 
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| ARSENIC. 
| 
evolves npan lime walls an exceedingly poisonous 
& (arseniuretted hydrogen). A sort of yellow arsenic, 
ving the color of yellow wax or porcelain, is also pre- 
‘in arsenical works by the sublimation of white 
‘a little sulphur; this consists principally of 
lenions acid, and contains but a small quantity of 
[phuret of arsenic. 
A-combination of arsenic with one atom less of sul 
tar (As S,), which is sometimes transparent like raby+ 
and sometimes opaque like brownish+ 
porcelain, haz received the name Realgar, or red sul- 
uret of arsenic. 
Preparation of Arscnic.— Arscnic is most frequently 
tnd combined with sulphur and iron, a8 arsenical py- 
| Most of the white arsenic is prepared from this 
yt it in a reverberatory furnace, and, ws 
mentioned, condensing in poison towers the 
pes containing arwenious acid, The iron and sulphur 
| So eeareerecres arp phere ert 
ron remains behind, and the oxidized sulphur 
escapes with the smoke inta the air. 
Arseninretied Hydrogen Gas (As H,).— Exper- 
re we ‘iment. — Introduce into a small 
m flask dilated sulphuric acid and 
vome pieces of zinc, and lot 
the hydrogen which is evolved 
escape through a tube drawn 
ont toa point, and gfer some 
time ignite it (§85); yon ob- 
tain in this manner a hydrogen- 
lamp. If you hold a glazed 
porcelain capsule for some mins 
‘utes in the flame, you will per- 
ceive upon it only a circle 











‘unburnt gas; but 
here more than ordinary caution is necessary, a8 arsenl- 
uretted hydrogen is =. snout poleonoes gets meal ens 


often have a sooty appearance; they consist of metallic 
antimony. ‘To-diningullyspou eee 
tainty from spots of anenic, drop upon then -a/eehatlon 


of chloride of lime; the spots of 
banged; while the areeniool mirrors 


=— | 








A URAYY TALE 


AI modale.con ocmbian ie Soe ae neni! 
chlorine. 


5 They likewise combine with each other wien 
they are fused together (alloys). 


Metallic Oxides. 

6. Most of the metals form basic oxides with oxy- 
gee. Almost all the metallic oxidea are insoluble in 
water. 

7. Many metals possess one known degree only of 
oxidation, but most of them have two, some, indeed, 
‘three, four, and even five degrees of oxidation. The 
highcet comport themselves as acids, 

8. Metallic oxides may be prepared from the metals :— 

a.) By exposnre to the moist air. 

) By heating with access of air. 

©) By decomposition of water at the ordinary 
tem, 


perature, 
d.) By decomposition of water at w red heat. 
.) By decomposition of water with the aid of an 
acid, and precipitation by a strong base. 
ff) By treating with concentmted acids, and pre- 
cipitation by a strong base, 
&) By heating with nitre or chlorate of potassa. 
9. The metallic oxides may be deoridized or re- 
duced to metals: — 
a) By mere heating (noble metals). 
4) By heating with charcoal. 
c) By heating in hydrogen gas, 
@) By n more electro-positive motel. (having a 
greater affinity for oxygen). 
¢.) By the galvanic current. 


~~ 





| Metallic Sulphurets 
10. ‘The sulphurets of the light metals are soluble in 
ater, those of the heavy metals arc, on the contrary, 


11. A metal has commonly as many degrees of sul- 
phuration ax of oxidation, 
12. 'The metallic sulphurets may be prepared, — 
@,) Directly by rubbing or melting together sul- 
“phur and a metal, or by heating the metal in the 
fames of sulphur. 
4) By adding sulphuretted hydrogen or sulphuret 
‘of ammoninm to a metallic oxide or salt. 
e) By heating metallic sulphates with charcoal. 
13. Sulphur may be expelled from the metallic sul- 
phurets, — 
a.) By heating them with access of air (rosting). 
4.) By a more electro-positive metal. 
©) By heating in steam. ‘ 
d) By heating with strong acids, 
Metallic Chlorides, 
14. Most of the metallic chlorides may be crystal- 
lized, and are solable in water. 
‘16. As ao general rule, a metal combines in as many 
proportions with chlorine as it has degrees of oxida- 
tion. 


“16. Metallic chlorides are prepared, — 
@) By bringing the metals or metallic oxides into 
‘contact with chlorine, 
b) By dissolving metals in murintic acid. 
c) By diesolving metals in aqua-tegia. 
d.) By double elective affinity, on mixing metallic 
with oxygen salts. 


pas 


in hydeogen <<< 
Die aon tale eee dl 
) Bys stronger acid, for instance, 

The Oxyzen Salts. 


18, Every acid usually forms a salt with every mo- 
tallic base; hence, there is an infinite number of sits, 

19 Suboxides must receive oxygen and byperoxides 
part with it before they can combine with acids, 

20. Most of the salts may be crystallized, sometimes 
with and sometimes without water of crystallization. 

21. The salts behave very differently towards water; 
some dissolve in it very easily, others with difficulty, 
and others not at all. 

22, Salta may be prepared, — * 

a.) By exposing metals to the ain. 

6.) By dissolving them or their oxides in weids, 

¢.) By decomposition of the metallic sulphurets 
with acids; also by a spontancous weathering 
of the metallic sulphurets. 

d.) By mutual decomposition by means of predis- 
posing simple or double elective affinity. 

23. Many of the salts, by mere beating, lose their 
acids, which either escape (carbonic acid), or bums ap 
(organic acids). 

24. The salts, like the oxides, may be reduced to met 
als. If thie is effected by ignition with charcoal, it & 
neceseary to supcradd a strong base (carbonate of soda, 
lime), which attracts the acid from the salt. 


Occurrence of Metals in Nottere. 


25. ‘The motals principally occur native in fire farms, 
ia N al 





va:—1. uneombined, or massive; 2 combined with 
aiphor, ns pyrites, glance, and blende; 3. with arsenic, 
@ anenical metals; 4. with oxygen, a8 oxides; 5. with 
taygen united with acids, as salts. 

Of the best known metals, the following occur the 
‘moet frequently s— 


1, Pure. 2 As Sulphurets. 3. As Arsenical Metals. 


Gali, Lead, Cobalt, 
Platina, Antimony, Nickel, 
Silver, Copper, ‘Silver, 
Bimath, Silver, Iron. 
Arenic. Arsenic, 

Iron, 

Zine. 

4, As Oxides. 5. As Salis. 
Manganese, Potassium und Sodium, 
Tin, Barium and Strontium, 
Tron, Calcium and Magnesium, 
Chromium, Aluminium, 

Zine, Zine and Iron, 
Tranium, Lead and Copper. 
| Copper. 


Qassification of the more common Chemical Elements, 


Tt is very difficult so to claaeify the chemical cle- 
‘ments, —#0 to bring them, as it were, into rank and 
file, — ns to present at the same time a correct idea of 
their external and internal properties, and of their affine 
ities for each other. In the following scheme, the two 
elements which are the most diesimnilar, the most op- 


posed, — namely, the most clectro-negative (most 


each other, while bodies eimilar in their properties show 
at most only a very slight inclination to combine, thea 
this scheme may present to us at the same time a probe 
able idea of the affinities of the elements for each other. 
Those bodies most remote from cach other in the series 
have a great desire to combine, while those the nearest to 
cach other have but little or no desire to unite. Thus, 
oxygen most readily desires to unite with the potas- 
sium, next with the eodium, next with the calcium, 
barium, and s0 on; it comporta itself mast i 

towards fluorine. Potassium, on the other hand, shows 
the greatest affinity for oxygen, then for the saltform- 
ers, sulphur, &c.; but the lenst affinity for its neigh 
bours and kindred, sodium, barium, &c. Let it be dis- 
tinctly understood, however, that this scale of cifiinily is 
avery fluctuating one, and is subject in many cuses to 
essential modifications. 


RTHOSrECr. 
= str 
Onygens Potassium 
Fluorine i z Sodium 
Chlorine F Barium and Strontium 
Bromine \ F Calcium and Magneslum 
ino Aluminium 
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Phosphorus E fron 
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$ ORGANIC CHEMISTRY. 


VEGETABLE MATTER. 


419. Aw inscrutable wisdom hus given to the seed 
the power of germinating in the moist air, and of 
®rwing up into a plant, which puts forth loaves, ow- 
‘Sm, and froit, and then perishes and disappears, Ger 
‘mination, growth, flowering, seed-bearing, and decay 
are the principal stages of existence through which the 
plaints have to pass. When they have produced seeds, 
‘that ls, new bodies capable of life, they have fulfilled 
their destiny, and their course then tenda downwards 
to decay. Whether they live only one short sum- 
mer, or survive hundreds of years, the general principle 
remains essentially the same. 

‘The Divine agency which effects these changes, and 
‘calls forth the phenomena of life in the vegetable world, 
is, in ita essence, wholly unknown to us, A particular 
name, tifa’ power, has indeed been given to it, but from 
this we derive no clearer conception or understanding of 
it Its operations are conducted in such = mysterious 
manner, that it ie not probable that the vague specula- 











avid = C, HO, (see Fig 166). | 


Wye te Tf one more atom of oxygen is | 
added, that of fartaric acid = Gi, | 
O; (see Fig. 167). 


And by adding yet another ateet 


rem 
DOOQOODD of oxygen, that of formic ocid= 
oD ©, H, 0, (see Fig. 168), 


= Bat, on the other band, if ome 


it 


tution of acetic acid is obtained = ©, Hi 
OF, &e. (see Fig. 169). 

Tf we are not yet able to produce all the transforma 
tions us they are here given, yet the possibility of sue 
ceoding at some future time cannot be doubted. 

Sugar, starch, and wood have precisely the sume 
constitution, numely, C,H, 0,; they are isomeric. I 
‘we imagine these three elements grouped together in 


different ways, a8, for instance, 
in sugar: in starch : in wood: 
Pig. 170. Pig 7h. hem 





haa already sine sly 

by these complex proportions 

Sentry oe pn Ano nd 
‘one spindle, and one band; bnt in a 


of wheels, spindles, and 


many atoms leaves, or even changes, its 

atom, whether of the same or of a 

is added to it, the body at once ceases: 
ae and becomes a new peculiar 











Experiment. —Borley, when caused to germinate in 
the same manner, puts forth only a single embryo, 
Me re from which first the leaves and then the 


you 
pour off the water from the barley when 

‘the seeds are swelled and 
steeped, and then put it in a cool place, 
piled up in heaps, you can, by occasion 
ally turning it, so retard and regulate the growth 
‘that the radicles only will spront forth. If you now 
‘arrest farther vegetation by quickly drying the grain in 
‘a warm oven, the brewers’ malt is obtained. The root- 
| lets may be easily rabbed off after drying; they yield 
| am excellent manure, and consist principully of vege- 
table tissue rich in potussa and other salts, which salts, 
process of germination, have passed from 

into the radicle. 

427. Vegetable Tissue. — All the cells and vessels of 
piabtetiadircotsposed of yagetalile iamne: "This sub= 
stance is to plants what bones, flesh, and skin are to 
the animal body; it forms the solid. muss of all vege: 
table organs, and consequently imparts to plants their 
shape and firmnees; it forms the ducts or veins of the 
Plants, throngh which the sap circulates. We find it 
very finely ramified, tender, soft, and easily digestible 
in the young leaves, Howers, and stems, and in the so- 
ealled pulp of fruit and roots, as apples, plums, carrots, 
&o,; hard and indigestible in straw, wood (woody 

and in the husks of grain (bran); hardened like 
‘stone in the stones of plumbs, cherrics, and peaches, 








‘but the filaments of the inner bark, which do not so 
readily decay, remain behind, and after being parted 


i 
a 


flax. 
Seat eof ding ae rma rao and 
fibres of the inner bark. 
RGN aricrp ako» beonca -SnvConkalne alee 
‘coloring matter, which is not soluble in water and lye, 
though it becomes soluble in lye by exposing the flax, 
‘the thread spun, or the linen woven from it, during a 
Jong time, to the action of light, water, and air, This is- 
epee toe Mitling yard by prong tt ot tho gras 
‘The coloring matter, hereby altered 
is removed from time to time by 
Salling with lye. Bleaching may be accomplished 
more rapidly by the application of eblorine, which, on 


four clements (CH ON), but the vegetable tissue of 
Sedlgacpranarcsna according to 4425, the 
“more complicated enbstance, consisting of four ele- 


af] 


by cither 

and become rotten; a case which often occurs when 
= accalecea alll ar (ihatamerpesene se 
strong a solution of chlorine. 

430. Bast.—Soak the bark of the linden: i 
‘water till the outer bark is decomposed, and has be 
come brittle; when it is dry the inner fibrous part of 
the bark can be pecled from it, and it then forma the 
tinden bast, used for tying up plants. ‘The onter covers 
ing of the trees, which is commonly, but erroneously, 
called bark, consists by no means of the proper bark 
Laadpleghiiteyarcmdgrenc tip 


around the seeds. As it exists in nature it is beauti- 
fully white (except the Nankin cotton, which is yel- 
low), and consequently requires no bleaching. When, 
however, cotton thread or cotton fabrica are 

it is merely in order to remove the.oily, 

mealy substances (weavers glue, &e.) which 

come attached to them doring spinning and 


‘This is now usually effected by boiling with sodalye 
‘or milk of lime, or immersing them in » weak eolation 


by 
ath), ond the acid, in its tam, by rinsing in water ies 
It ix well known how important the above-mentioned 
sorts of pliant vegetable tissue ar, on account of their 





—— 


the sap contained in it; in thie eap, as in that of all 
other planta, there is always found a snbstance in sola: 
| tion, which is very analogous to the white of eggs and 
‘which, like it, congulates in boiling; it is called veges 
tebe aibumen. There are also contained in the liquid, 
separated from the albumen, various other substances 
in golation (mucus, gum, tannin, &c.), which are not 
Precipitated by boiling. If the sawdust, after it has 
been dried, is treated with alcohol, this will also dis- 


‘CHANGES OF VEGETABLE TISSUE. 


as) Changes of Vegetable Tissue by Acide, 
433. Wood, when dipped in sulphuric acid, is charred ; 


to form water, and then unite with the sulphuric acid; 
nitric acid yields oxygen to it, and consequently oxidizes 


am ——— 


converted, first: into gum, and finally into sugar. 
Explosive Vegetable Tissue, or 

fin). —By exposing vegetuble tissue (cotton, hemp, 

linen, sawdast, &c.) for a short time to the action of 


~~ 
xperiment.— Mix half an ounce of the strongest 
nitric acid (sp. gr-—= 15) with one ounce of strong 
sulphuric acid; pour the mixture into a porcelain more 
tar, or a. cup, and press into it with the pestle as mach 
cotton (wick-yarn, cottan-cloth, printing-paper, See.) as 
can be moistened by the acid, When the cotton has 
sonked for five minutes, itis to be taken out with & 
glass rod, put into a vessel containing water, and 
washed repeatedly with fresh quantities of water, un- 
til it no longer reddens blue test-paper, The cotton 
is then squeezed out with the hand, spread mpo 
sheet of paper, and dried in an airy place. tis 
gerous to dry it upon a stove, #s it easily takes fire — 
Af the gun-cotton thus prepared is strack smartly with: 
4 hammer upon an iron anvil, it detonates violently; 
when touched with a hot wire or a lighted matehyit 
bums instantancously, withont leaving any residue; 
when fire-arms are loaded with it, it. 
5 but its explosive power is four or five times 


and exploding with great violence when touched by a 
lighted match. 





a 





sumed body contained may be calculated. ‘hat which 
is wanting in the weight of the original body tinder 
examination is the amount of oxygen which it con- 
tained. In this manner the three elements” 

in un organic body, carbon, hydrogen, and oxygen, 
may be very accurately determined; such an exami- 
nation is therefore called an elementary analysis. If, in 
addition to the three above-named elements, an organic 
body contains nitrogen also, it escapes Racin 


tasea or soda and lime,—then (with but 
Se, ee 
tion with 
parapets. 
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faction, as in a few hours it has experienced the same 
change, and acquires the same degree of firmness, 
ausnally produced by being ‘suspended for months in the 


creosote (Aesh-preservative) ; one pound of pyroligneoms 
acid contains about a quarter of an ounee of it in sola 
tion, Pare creosote is a colorless liquid, os 
coming brawn by age, and of an oily consistency; it 
has a strong smell of smoke, a very burning taste, 
disorganizes the tender akin of the tongue or 

und, taken internally, ia. a powerful poison, Creosote is 
now frequently applied as a remedy for the toothache, 





Piaisedieolues arson ere that is, in- 
soluble in water, though soluble in alcohol ; it is mare- 











YRGRTABLE TISSUE. 
a trace of vinegar, but in larger 
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in oie brew 


by Oi of conlstar. ty] pr emarpredrepbesienans 
6) OW of altar. +6) Minera! tor, found bo many places im Bais 
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Artijtesal caphaltum — a.) Natural (pitch of 
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empyreue —€) Ammons, issuing in wasery ynpor, aime 
smatie liquid. ms ated with, ‘orci acy fom the anh 
ear Tuscany, 
SY Coke (€). Lf) Anthracite (C}, like piveonl, occurring 
‘immense beds io the ere ~ 


€) Changes ofthe Vegeteble Tissue by Air and Woter- 
(Decay and Putrefaction.) 

448, Decay. — When vegetable tissue —for instance, 
wood, leaves, straw, &c. —is exposed to the influence 
of the air, it imbibea moisture, and becomes <a 
brown and rotten, —it passes into decay. 
ical process which thus takes place very: ee 
bles those changes which wood undergoes in combue 
tion, except that it takes place fur more slowly; what is 
effected by combustion in minutes is effected by decay 
only in the course of years. By combustion, the com 
stituents of the wood and the oxygen of the air an 
conyerted into carbonic acid and water; the same prod- 
ucts ure ulso formed on the decay of wood. In cony 
bustion, the hydrogen ix oxidixed more “than 
the carbon; the same happens also in decay, 
aa whip -wrood/ore combustion, as well as on decay, 
aseumes a darker—firet a brown, and then a black— 
color, When proportionably more hydrogen passes 
off than carbon, the residue must necessarily, aa the 
decomposition continually progresses, be richer in ear 





behind many roots in the 


one fifth to one aixth ns mach; it is therefore appar 
She hee 
humus must be generated by the decay of the roots 
‘than in the latter, The increase of fertility which the 
farmer thus aims at is, however, by no means to be es 
cribed to the humus alone, since the : consti 
uents (salts and earths) which are present in manure 
and in the soil have a principal share in it (§ 611). 

If we consider the formation of humus, we: 

once perceive that various substances are 

der this term ; for its constitution alters every day, since 
a little of its carbon and hydrogen 4s every day oxid- 
ized and separated. We may easily conceive, that very 
old bumus may contain as muck again r 
which is recent, or even more. The ideas 

hamus became still more vague when chemists first 
thought of designating by this name other brown and 


formed from wood, starch, peperoleinpi 
latter with acids or alkalies. ‘The term Aewms thas bee 
came, as it were, a fom 

brought all the substances formed 


imal matter, provided they were 











pared : 

fore burns without giving & 
gases, carbonic acid and mara 
wood, leaves, branches, 

which sunk to the bottom « i 


ial 








ee 
DAAAcDest iv kxmed: from rah plazis, which slowly 
tot under water; every year a new vegetation arises, 
| pha eeealadlrattenelimest! 

of time, a morass is formed, The young 

of a brown, fibrous network, in which the 
seperation pars of the = plant may be clearly distine 


> Be, epi lems eons. 
ara Rear heap lecnita Soar eamd 0 











gether in compact heaps. This smouldering sort of 
carbonization, taking place here on a small scale, mast 
‘ocenr als on « large seale, when, by some revolntion of 
the earth, masses of plants are washed together in 
heaps, and covered over with mad; and this smoulder> 


sition rocks), than the brown coal, which mostly oc- 
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“IL STARCH, OR FECULA. 


juices with which the cells of the 
plants are filled. 

Tt appenrs to the naked eye like 
particles of meal, but under w powers 
fal microscope it is found to consist of 
‘amall, generally regular grain or glob- 
‘ules ‘Their position in the plant is 
shown in the annexed figure, which 
represents a section of some of the — 
cells of 2 potato. 

‘Tf a freeh plant is bruised and macerated im water, 
and the liquid then squeezed out, n Inrge portion of the 
starch will pass with the juice from the vegetable tissue, 
And will settle, after standing quietly awhile, as a mealy 
tase Potatoes, grain, and legaminons plants nre very 
rich in starch. 

“451. Potatoes. — Experiment. — Rasp some potatoes 
‘on # grater, knead the pulp thus obtained with water, 
and | itin a linen cloth; the fibrows particles of 
the cells remain behind, but the jnier, together with a 

portion of the starch, runs through. If you let the 

} Hiquid remain quiet for some hours, it becomes 

Gaerne a settles at the bottom. 

‘Now decant the liquid, wash the starch several times 

‘with fresh water, allowing it to settle each time, and 
then dry it in a moderately warm place. 

Experiment.— Heat in a fask the clear liquid de- 
‘canted from the starch; it becomes turbid when the 














o> Seale dale enable earl 
‘the water is absorbed by the peas, eausing them to 
Se rane aur fe tcene wo. ao Aad Ry, Y 


‘out by means of a linen cloth. Here, also, we 
obtain, as from potatoes, — 1. a fibrous substance, which 
remains on the cloth; 2. starch, which is deposited, 
after standing, from the turbid liquid; 3, vegetable albu 
eee acai iil ia ened Sy boiling: 


vegetable 
‘mentioned liquid, add to the latter a few drops of some 
‘Kind of acid ; a flaky white body will ance more be de 
posited; this is called vegetable caseine (cheesy matter), 
‘on account of its great similarity to the cheese con- 
tained in milk (animal cusvine) in its constitution and 
‘alzo in its properties. Vegetable casvine, like vegetable 
albamen, contains nitrogen ; but it is distinguished from 
‘the Intter by this, namely, tht it is not coagulated by 
boiling, though it is by acids. It occur in the juice of 
Geaay,plaaie, baie W toow Abuatant la the seed af 
Se potatoes, likewise, contain small 


453, es ia Experiment. — Moisten a hand- 
ful of wheat flour with sufficient water to form a stiff 


ine alll 
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gen and sulphur, have the general name of aléuminous 
compounds ; hitherto they have been called proteinaceous 
compounds, Small quantities of one or more of them 
occur in the sap of every plant. 
ems 465, Potato starch exbibite, undor 
6 12) ‘the microscope, the form of egg-shaped 
grains, consisting of many scales over+ 
e DE Yeppligg aol other At gilstecin in! the 
Q sun, is hard to the touch, and has al- 
CG ‘ways more of a pulveralent than of 
‘concrete character. 
Mg. vn In the starch of peas many of the | 
So grains are concave in the direction of 
g their length, while others seem to be 
a; formed by the growing together of sev- 
eral 
Wheat starch consists of dull, Mat. 
rom tened, lenticular grains, which, when 
67 moist, readily adhere to ench other, on 
9:9 whieh account the wheat starch of 


OQ —e © commerce always comes in loose lamps 
GQ" When ground, it is known under the 
se name of hair-powder, §c. 


Arrowroot is a starchy meal used in medicine, which 


called sago. The gennine mgo comes from India, 
where it is prepared from starch, which is extracted 
from the pith of many of the palm-trees, 


~_ _si 








groats, barley, beans, pens, lentils, &c, 9 
‘with water, is now rendily explained by 
‘a large quantity of starch. 

.— If you let some: 
for a length of time in a warm | 
comes thin and sour; it thus | 
whieh has received the name of | 
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acid is produced when milk becomes sour, and it im- 
parts to cnrdled milk and to ectenie ‘their welle 
knoven sour taste. 


a aes paste with a large 
proportion of water, and add to it u few drops of tine 
ture of iodine (§155); an intensely deep blue liquid 
(todide of starch) is produced. The same color may 
be perceived by dropping some tincture of iodine upon 
meal, potatoes, carrots, &e. We have in iodine an ex 
tremely delicate test for starch. 

There is a peculiar species of starch called inuline, 
which occurs in the roots of the elecampane and the 
dandelion, and in the bulbs of the dahlia ; this is colored: 
yellow by the tincture of iodine. 

“Another variety of starch, which is colored brown by 
the tincture of iodine, is found particularly in Iceland 
moss, and js called lichenine. 


Change of Starch into Gum and Spor. 
{ft Serhan — Esperia I hs 
‘m ladle over a gentle aleohal flame, and during the 
heating (roasting) is constantly stirred to prevent its 
burning and baking on the bottom of the ladle, it ae 
‘quires after a while a yellow, and finally a brownish: 
yellow color, and then possesses the new property of 
dissolving, both in cold and in hot water, into a muci- 
Jaginous liquid. (Common starch is entirely insoluble 
in-cold water, and only swella up in hot water.) Starch 
thus transformed is called roasted starch, stareh gum, or 
teiocome, It is well adapted for the thickening of colors 
and mordants in calico-prioting, and therefore is now 
‘often made onan extensive scale, usually by roasting 
coflve-roasters. 


‘starel in large 
__Exzperiment.— Mix thoroughly, in a small dish, balf 


me @ 





place the sancer ona jar, in which some 
water is simmering (steam-bath), and let it 
remain over the hot steam (the conteats of 
the saucer not being heated quite to the 
boiling point), until the liquid has become 
semi-transparent. When this ia the case, 
add prepared chalk by small portions ata time to the 
liquid, until it censes to give an acid reaction, and after 
haying filtered it from the gypsum, leave it to erapo- 
rate in @ warm place. The dry residue has an amor 
phous, vitreous appearance, an insipid taste, and dis 
solves in water, forming a transparent viscid Anid; it 
is not soluble in alcohol. Vegetable substances with 
such properties are usually called gums}; the gum ob» 
tained from starch has received the lee 
dextrine. 

459, Sorc Seu — rine Ret te 
mer experiment, with the following deviation, 

to brisk boiling two ounces and « half 

which twenty drops of sulphuric acid 


— | 
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ed, and then add one ounce of starch mixed with a 


thus made, as well as the white, solid starch-sugar, 
‘easily prepared from it, ure now both articles of com- 
merce. 


Starch, as shown by theze experiments, is converted 
by sulphuric ucid, on modermte heating, into gum; on 
stronger beating, into sogar. In the latter case, also, 


prodaced. Sse gyrating and starch-sugar have 
‘each the same constitution (isomeric), so that their 


yr 
rangement of the atoms of carbon, hydrogen, and oxy+ 
gen Contained in them, and it is undoubtedly the sul- 
pharic acid which effects this change in the position of 
the atoms. No portion of the sulphuric acid has been 
decomposed, neither has any of it combined with the 
organié substance ; for we find again, in the gypsum 





itis an action like that of spongy platioum, which ean 
ci a 


a — | 














daring germination, the further prog» 

‘is arrested in this case by drying. If 
barley is allowed to continue growing, 
in the open fields, all the starch gradually 


_ A similar metamorphosis is also clearly to be per 
ceived in the potatoes. The quantity of starch con- 
tained in one landed pounds of the same kind of po= 

















os tebe oF mag jant doar it is either 
peepared in the tropical regions, from the juice of the 
 Migar-cane (cane-sugar), or in France and Germany, 
| from the juice of the beet 


(beetenges). 
‘this sugar is obtained on a 


SOR atstie tiaijules cen sheeigercane cr the 
‘raped pulp of the beet, either by strongly squeezing, or 
by hydrostatic. pressnre. 

2, Boiting down the juice with the addition of lime, 
ieisetchivievecal/ foreign seubstancos: are precipitated; 
j “until it acquires the consistency of a thick sirup; on 

(Sh appre Naapeaapeptigbente ie 

grains 


allowed to drain off, und forms the well-known brows 
sirup (molasses). 
_ 8 Refining the raw engar, that is, the removal of the 


brown solution coarse); ani- 
Sea 
‘the clarified solution in vacuum puns. 
sirup is then allowed to cool in 
“moulds of'a conical shape, atiring it frequently to dis 
% of 





Pldialy derited, gx’ ins yelorish tinge, le theca: 
‘ : a 
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CONVERSION OF SUGAR INTO aLcONOL. 497 


elent to decompose all the sugar; the odor (the flower 
or the bouquet) is peculiarly pleasant, becanse, the tartar 
being abundant, there is generated during the fermen- 
tation « volatile substance (ananthic ether), which pos 
seases a very ugreeuble odor. 

It is different with the grapes of the more southern 
countries, as Greece, Spain, Portugal, & Here, in 
consequence of the highcr temperature, the grapes are 
ficher in sugar, but poorer in tartar and albuminous 
matter. In this case the latter substance is not suffi- 
cient to effect the decomposition of all the sugar during 
the fermentation, #0 that a part of the sugar remains 

and gives to the wine a sweet taste. 
Neither is any cenanthic ether generated, since the due 
qeantity of tartar is wanting; consequently these wines 
possess no bouquet. 

| 485. Ezperiment.— If some wine is put into a retort, 

and subjected to 

Hs distillation at a 

moderate heat, at 

first’ the more 

volatile aleohol, 

together with the 

cenanthic ether, 

will pass over. 

A very agreeable 

emelling spirit is 

thas obtained, known in commerce under the name of 

Cognac, | brandy. Tn the wine countries, the 

Tees remajning after the wine is cked off are generale 

ly used for this purpose, since, in the swollen, pap-like 

state into which they settle in the vate, they retain me- 
chantoally a large quantity of wine. 

42° 






































intermediate vessel, a wide-mouthed 


| for instance, which is easily done by means of 


— 





‘vessel is not cooled down, the liquid condensed in it 
will also boil, and the vapors thas formed will 
pass over into the receiver surrounded with cold water, 
and will there be condensed for the second time. In 
this manner & double distillation (rectification) ix effect 
ed. ‘The flask contains boiling brandy (at 30° ‘Trul- 
be alcoholometer of Tralles Goats to a Gare on hs stem, which indi> 

‘of wleoholy ty eolame, in the liquor in which If ie 
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folded together: and mmeared orith somo drope of olive. 
oll) round the tube, so that the water from the wick 
Ffany sao om down upon the flask. Now distil as be- 
fore three ounces of brandy, but during the distillation 


‘to cool the vapor of brandy ns it passes over, 
the water running down the outside of the tube 
a vessel placed below the end of the wick-ynrn. 
Biden is geil wien sient om Gas 
‘of brandy has passed over, we shall have a stronger 
epirit in the reeeiver than was obtained in the experi- 
fieeete foes Dacanae, by: the partial eacling af 28 
of the brandy, the principal part of the less vol 
aqueous steam was condensed, and therefore a 
Peeeiesrhec Fafalislnd pases’ into: the coceryt wie 
Seegeealagaiall flowed back into the 
{ 
_ This principle of partial refrigeration has been most 
applied to the distillation of brandy on a 
large ecale. The best-known apparatus used for this 
< purpose is called the dephleg 
‘malor, and is x0 contrived that 
the hot vapors rising from the 
still must pass through several 
copper channels before reaching 
the refrigerator; these channels 
have a division-wall in the cen- 
tre, and are kept cold exters 
i nally by a constant current of 
water, We obtain in this way 
‘a spirit of from 70° to $0? Tralles, while @ simple still 
‘ylelda only & weak spirit of 30° Tralles, 
495. Alcohol ia rendered not only stronger, but purer, 
Pz tie above-cuatoned retention Besides alcohol, 
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“water, because by the heating of the mixture the desired 
‘themical change is promoted. That such a change has 
place is known by the peculiar smell, differ- 
‘ent from that of alcohol, and by the altered (brownish) 
‘tolor of the liquid. ‘The change which a portion of the 
alcohol has hereby experienced is as follows: — 


Therefore fom sechot, —athar (oxide of ethyl), and 1 water 
‘While in the former experiment, by an excess of sul- 
phuric acid, two atoms of oxygen and two atorns of hy- 
drogen were separated from the alcohol, in the latter 
‘the alcohol loses only half as much of these two 
‘namely, onc atom of each, which two com- 

bine to form water. From the alcohol (C,H. O,) 
‘there is formed a new body (C,H,O) which has re- 
‘eeived the name oxide of cthyle (Ac O), because it is 
‘able, like a base, to combine with acids In the pres 
‘ent case the oxide of ethyle meets with free sulphuric 
‘acid, with which it combines, forming bisulphate of 


of ethyte (Ace O,230,+4HO), This com- 
ee See bale Aa: the elivir acidum Halleré 


sulphurico-a 
IRAMEgSEPL by the natno of sutpturtc eth er. 
604. Ether.— If the liquid of the preceding expert- 
meat, consisting of sulphoric ether, is hented, it resolves 
=p eel of ethyle (other), water, and sulphuric 


Sine sigh Pct Gin wasters peped ama aah 
‘and sulphuric acid into a flack connected with w glass 


© Preparations occurring in pome European pharmacopaias. 
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ber, its vapor ; 
| Pikes: may, be mixed with alcohol inany propor- 
| When mixed with three parts of nleo- 


ig much used as a stimulating and restorative 
settee; elias the name of Hoffinam’s onodyne Higuee: 
| Puta piece of fallow, or u few drops of olive oil, 

‘a test-tubo with some ether; both will entirely dis- 
‘tolvein it. But they are not soluble in alcohol or water. 
ee ee mas be advantageously employed for 
such substances as will diss 
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“burning is the same as with alcohol 
ex ccervernictntc carbonie acid pl 


some drops of ether into a tuinbler, 
linutes, when the ether is converted in. 
pita burning taper, a sudden ignition 
tied by an explosive noise. ‘The ya 
4, like hydrogen or marsh gus, when 
spheric air, a kind of explosive gas, 
texplosions have been occasioned by 
tandles or lamps into those 

the breaking of a bottle filled with 
| become diffused in the air, 

le mixed with alcohol in any proper 
hen mixed with three purts of aleos 
das a stimulating and restorative 
‘mame of Hoffmann's anodyue Nywor. 
f tallow, or a fow drope of alive with 

| some ether; both will entivaly dies 
rare not soluble in alcohol oF water 

be advantagoously ennple 
(acing sach nubstnione aa wilt 
other Viqids, Mesides fat, tain 
ggrien elastic: (emanitinbann), 
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nitrogen, &c.; accordingly they were divided into tere 
nary compounds (having three elements), quaternary 
Pre tisgt hate laren} ts But in modern times the 
hypothesis has been adopted, that a simple manner of 
combination may exist in organic snbstances analo- 
gous to that of the inorganic compounds; namcly, that 
asimple group of atoms, us of carbon and hydrogen, 
itself in the sume way as an element of a 
madical; the group C, N (cyanogen), for instance, com- 
ports itzelf ox such. ‘This supposition has already been 
most beautifully confirmed in many cases, and since 
alcohol and ether, and their metamorphoses, are pecn 
liarly adapted for illustrating this new mode of consid- 
ering the subject, we will cite them us examples. In 
these combinations we consider a group of four atoms 
Genet five ntoms of hydrogen (C,H) as the 
elementary substance, as the radical, and call it ethyle 
{Ae}. Accordingly, we now regard ether (CG, H,O) as 
oxide of ethyle (Ac-+ 0); alcohol (C, H, O,) as hydrat- 
ed oxide of ethyle (AcOH); sulphuric ether ws 
of oxide of cthyle (Ac 0,28 0,-+4 HO); 
acetic ether as acetate of oxide of ethyle (Ae O, A); mu- 
‘iatic ether as chloride of ethyle (Ar Cl), &e. 
_ Htwill be readily perceived from this grouping, that 
‘the organic compounds show a surprising resemblance 
to the inorganic, and may be very well compared with 
them; the cthyle acries, for instance, with the potas- 


sium series, in the following manner: — 
‘Potassium corresponds to 
Totnes «4 oxide of erhyle ether), 
Hydmte of potas =“ * hydrated oxideot ethyle (aleobo!}, 
Bivalphate c€ pomea = —"_disulphare of oxide of exhylo, 
ne a) teeter 
‘polusiam ©" "chloride of euiyle, Be. 
~aal 





other aleoholic liquids, ws beer, wine, cider, &c4 may, 
by receiving oxygen, be converted into vinegar, and it 
is well known that vinegar is frequently prepared from 
them. If, as is ordinarily the case, they contain gluten 
of lees in solution, then these substances replace the 
vinegar ferment, and the acidification ensues sponta 
neously, when the liquid is exposed in loosely covered 
vessels to a emo aeiont 30° to 40°C. This 
acidification most readily occurs immediately after a 


Sepeptatiee ping has tomenting so ced eect 
turning sour, which can only be prevented by rapid 


Liquids, also, containing starch and sugar, may pass 
over into vinegar, but only after these have been pre- 
viously converted by fermentation into alcohol. This. 
explains why the farmer obtains vinegar, when, having 

‘water upon the peels and refuse of frnit, he sets 
hem aside near the stove; why boiled food, preserved 


eases, because the carbonic acid, formed from the sugnr 
‘ut the same time with the alcohol, escapes, From this 
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through bya knot at the upperend. By this means 
cy an extreme division of 
Re the alcohol is effected, as 





holes 


are bored round the lower purt of the tub, and 
in the perforated shelf; glass tubes are fitted 
holes made in the latter, in such @ manner 
liquid, when poured into the top, may not ran 
them. A free circulation of air is here- 
produced, the cooler nir enters by the openings 
the tub, gives up its oxygen to the alcohol diffused 
the shavings, and in consequence of this oxida 
‘or slow combustion, so much heat is evolved 
‘the interior of the tub, that the temperature risen to 
40°C. The air, hereby becoming warmer, and con- 
sequently lighter, passea out of the tub through the 
glass tubes in the shelf, and from an eighth to a fourth 
poorer in oxygen than when it entered. Strong vinegar 
is used as « ferment in this process, the tub and shay- 
ings having previously been moistened with it, and a 
certain quantity being also added to the mixture of 
‘brandy which is to be converted into vinegar, In 
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iby ita characteristic odor, vtieatall 


, by pressing 
leohol dame by a wire net. In both cases ft ia formed 
| aeaeabetpemanmieeemamnagelye een! 
combustion of the aleohol vapor. A portion. 
ntter then takes up only two atoms of oxygen 
from the air, and there is produced aldehyde vapor, 
and, together with this, some acetic ucid and other gus- 


‘eous products. 
‘this statement of the process of the formation 
it will no longer appear stmnge that alde- | 
acid are formed in all cases when alco~ 
with bodies which are rich in oxygen, and 
readily part with it, as, for instance, chromic 
etme area 


Bre Sar vaity cxieincd temasmmnette 

from wood by dry distillation. Wood con- 

ame acetic acid of ©, Hy O, or, if multi- 

by 1b, of Oy. Consequently, it is only 

necessary 10 A Hitie byxtrogpa and icxygen feces 
Hae ood a arder to ranafer Iino acetio ual 
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“FATS 4ND PAT ors. AL 


‘The stearine obtained is pressed between blotting- 
a 


may be suspended in n jur, which is 
then half filled with water, and heated 
upon a tripod. Put into the vial one 
dram of tallow and enough strong al- 
cohol — absolute aleohol is the best — 
to fill it three quarters fall. When the 


again settled at the bottom, and then pour the hot su- 

permmtant alcohol into a beaker-glass Repent the 

boiling three or four times, with fresh alcohol. Let the 

alcohol stand for some hours in cold water, covered 
46 











Titharge, and | maintaining the mixture for an hour at 
a temperature of 100° C. A stronger heat renders the 
varnish darker and thicker, and, besides, might easily 
cxuse it to boil over and take fire, The slimy, dingy 





oil, 
eee erin te trpenstice oF waralste ead 
likewiee for burning, and for the manufacture of green 


soap. 
Poppy oil, from poppy-seeds, verves as a table oil, 
and for the preparation of a very clear varnish, 
Castor oil, from the seeds of the eastor-oil plant, is a 
itive medicine. 
Oil is also obtained from pumpkin-seeds, walnuts, 
sunflower-sceds, Ke. 


b.  Unetuous Oils (remaining viscous). 


535. Oil for burning is expressed from rapeseed, 
Tn order that it may bura without depositing soot on 
‘the wick, it must be refined, that is, parified from 
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Pee ree citew ba wtich cove o3d'bo tr scene weak 
ye, and continue boiling until the sample gives a clear 
‘solution in water; add again some table salt, and let it 
cool. The soap prepared in this manner hus the seme 
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cre ete 
. ete mach stearaan, and a little oleate 
vo ghyceryle, dc. 


jebe disor’ acids contained in the fats, 


+ ape aarr 


sce with sda (nda snp), of fat acide with potas 
‘From potassa and fut acids with ox- 
‘are formed fat acide with potassa and 


glyceryle, soluble in water, remains in the ander lye; 
but in the soft soup, when the surplus of water does not 
separate as a fluid from the soup, but is removed by 
‘evaporation, it remains mechanically mixed with the 


a! 
“The action of common salt may be seen by try- 
Jing to dissolve hard soap in salt water; po solution 


— all 





tong: 
| acid reaction, which fs not the case with tallow, and 
- dissolved in hot alcohol, but tallow very. 
of the mass consists of stearic 
na eanebegereay When strongly pressed 
between blotting-paper, the oleic acid soaks into the 
‘the stearic acid remnins behind. 
| Stearic acid is harder anc more brittle than wax, 
brilliantly white, translucent, and melts at the tempera 
ture of 70°C, There are now large factories for the 
of it, and itis used in the manufacture of 
candles, which have become so popular, 
ee ee — Fett ont’ cress of. strong valobd 
ina water-bath, and when it 
to it ax much stearic acid as dis- 
solve in it. Pour half of the solution 
obtained into cold water, and let the 
other cool quietly ; in the former case 
the stearic ncid is obtained as a light, 





pla 

546, Experiment, — If an acid is ndded to a solution 
of cil-voap, an oily fluid separates, which consists prin- 
cipally of oleic acid. 

| Oleic acid in its external appearance is hardly to be 
distinguished from olive oil, but it differs from it in the 
following respects: it has an acid taste and reaction, 
which olive oil has not, and it readily dissolves evea 
in cold aleobol, while olive oil does not. "The oleic acid, 


lem wl 


ke tiet a evaporation of bitartrate of 
potassa (tartar) und of the base of the fata, oxide of 
peter Mapregimrere ge rene ar 




















‘hydrogen, 

white lead (carbonate of lead) is boiled with oil 
water, we likewise obtain a compound of fat acid and 
oxide of lead, since the carbonic acid is expelled by the 
fat acids. In this manner the plaster of carbonate of 
tead ts prepared, which has commonly a whiter color 
than the former plaster, because it still contains some 
‘white lead mechanically mixed with it. 


X. VOLATILE OR BTHEREAL OILS. 


‘S51. Preparation of Volatile Oils.— Rxperiment.— 
Put one ounce of turpentine in a dish in a warm place, 


Fe 20 


and when it has become liquid transfer it to a eapacious 

pour upon it four ounces of water, and distil until 
about three fourths of the water hus passed over. Pour 
the’ residue, while still hot, into cold water, in which 
the non-volatile portion of the turpentine remaining 
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many plants may be inferred 
from the ‘® quarter of an ounce of vole 
sno inom ne ni an 


table parts with water. The oils procured from the 
skins and peels of some fruits, as the oil of lemons, and 
bergamot, contained in the rind of lemons, citrons, 
form an exception, since euch oils are ob- 
from the freah rind. 

eee kerr: seal sjollé we-pl alo, 

@) From the flower :— 

Oil of roses, a yellowish, thick fluid, with flakes re- 
sembling tallow floating in it, 

Oil of orange-flowers (ol. neroli), colorless, reddish in 
the light; contain no oxygen. 

Oil of camomile, 2 dark blue, thick liquid; beeomes 
green, and finally brown, by age and light. 

‘thin Mis 


somewhat thick fluid, heavier than water. 

b) From seeds and fruits: ~ 

Oil of cumin, colorless ; becomes yellowish, and final~ 
ly brown, by age. 

Oil of anise-seed, yellowish ; congeals even at 12° C. 
Oil of fennel, colorless or yellowish ; congeals like- 
wise readily. 


Oit of dill, yellow; becomes brown in the light. 
_ Oil of mutmeg, a» pale yellow, thin liquid, has the 
smell of natmegs, 


Seated lec ohms gio ihaher since nee 
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eleoptene. Accordingly, the volatile oils, like the fats, 

‘consist of two proximate constituents, one of which 

‘may be regarded as solid and crystallized, but the other 

‘only as @ liquid. Many oils—for instance, the oils of 

rove und anive-seed—aure so rich in stearoptone, that, 

i-vplecage cool cellars, they congeal into 1 nearly 
mass, 


ELEMENTARY CONSTITUENTS OF THE VOLATILE OILS. 


557. ‘The volatile oils are divided into three classes, 
according to the elements of which they are com- 


posed:— 

a.) Into the non-oxygenated oils (having two ele- 
ments); these consist only of carbon and hydrogen 
(C,H), #0 that they may be regarded as condensed il- 
tuminating-gas. To this class belong rock oil and oils 
‘of turpentine, juniper, savin, lemons, &e. 

b) Into oxygenated oils (having three elements), 
which, beside carbon and hydrogen, contain also oxy: 
gen (C,H,O); most of the other volatile oils have 

| constitution. 


) Into sulphuretted oils, which are composed of 
carbon, hydrogen, and sulphur (sometimes with and 
sometimes without nitrogen). The oils of this elass are 
distinguished by a very pungent smell, causing lachry- 
mation, aud by @ great acridity, raising blisters on the 
kin when brought in contact with it. The oily of 
mnstard, horseradish, ecurry-grass, garlic, hops, &e. 
belong to this clase, 

Of these elements, hydrogen (as regards the number 


























‘oils are not only dissolved by al- 


also by ether and concentrated acetic acid. 


ut of its refreshing odor. 
‘Phe volatile oils may also be mixed with fat oils, 
‘and with some kinds of tallow and lard; bene by 


—: ‘an agreeable odor may be imparted to 
2 me tee ee 


mapa Atria not dissolve the olive oil; this 
behaviour may be taken advantage of for testing the 
mereuntile oils. 


Experiment.— Rub a picce of sugar some time 
on the rind of a fresh lemon; the hard sugar teurs the 
cells in which the oil of lemons is inclosed, and the oil 
ie attracted into the pores of the sugar. This, when rev 

| duced to powder, is called oleo-saccharum. Such mix« 
tures ure commonly prepared in pharmacy by triturat- 
Ing together powdered sugar and volutile oils, 

{ 1, periment. I yu al oe drop foi 
turpentine to iodine, a brisk emission of sparks ensues, 

| since a part of the hydrogen is expelled and replaced 
by the iodine. The same phenomenon is ocensioned 
‘by all non-oxidized oils, but not by the oxidized; there= 
ee Pr nearer ae RNG Dt 
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acids are | 

resin, by long standing in the air; for instance, 
‘danamic acid in the oil of cinnamon; or are found al- 
teady formed in the volatile oils; as, for instance, cary 
‘ophyllic acid in oil of cloves, &e. 

567. Metallic arsenle has no smell; neither has ar- 
tenions acid (arsenic combined with oxygen), We per+ 
‘otive the striking odor like that of garlic only at the 
yery moment when the arsenic is combining with the 
‘oxygen. The same thing seems to happen with regard 
‘to the odor of volatile oils, so that we may assume that 
the odor is emitted because the oils are combining with 
‘the oxygen of the air, and while they are combining. 
‘Fresh oils, and those distilled by exclusion of air, and 
‘old resinous oils, either do not smell at all, or emit 
quite an unusual odor. 


XL RESINS AND GUM-RESINS (Rxsix er 
Gournesixs), 


‘663. Turpentine and Balsams.— Whoever has been 
in a forest of fir or pine trees must certainly have no~ 


ticed the yellow, tnsparent juice, having the consis- 
teney of honey, which exudes from these trees, and he 
‘may perhaps have observed also that it sticks to the 
and eannot be washed off again by mere water. 
‘his juice is furpentine, It is procured in large quane 
tities by incisions made in the trees, That obtained 
from the Ruropean fir-trees is turbid, and has a thick 























‘ingredient 
and also in cosmetic lotions for 
akin. One sixth of it consists of ben+ 


is a brownish-red colored resin; it is 
ie sn span ing Ba 


creas, oes ita, cab civen OE 
variety of the same, are obtained by roasting 
and are considerably used in medicine. 
jatap is extracted by alcohol from the root 
ote jeep 

“Many other resins are used in pharmacy, for ine 

stance, anime, tacamahac, elemi, &o. 
671. Bitumen.—Two other resins, amber and as 
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572, Similar resinous substances, of a black color and. 

formed whenever 

‘and vegetable substances are heated with un 

insufficient supply of air, especially daring dry distil- 

tation of the same. When in a fluid form thew are 
called tor; in m solid form, black pitch. 


TROPERTIES OF RESIN. 


673. Tt was stated when speaking of amber, that 
Tesinis are substances which do not undergo decoy; in- 


bodies which very readily pass into decay 
of putrefaction, — for instance, flesh, On this account 
formerly used for embalming dead bodies, 


Seidetebeslaci. Wales, and tiverefore instalean 4 but some 
of them in very amall quantities may be dissolved, and) 
these nsually have a bitter taste. But many of the res- 
ins which occur in commerce contain some water in a 
state of minute division, and are thereby rendered dell 
and opaque; common pine-resin and boiled turpentine 
furnish examples of this. 


ae portment,— Heat a piece of 
the solid turpentine (§ 551), 
or else some pi a 














(RRSINE AND ODM-RRSINS. 675 
fourths of a dram of prepared chalk; scrape out the 


ed above its melting point, it kindfes and burns with 
a Juminous and eooty flame, leaving behind some ebar- 
eoal. ‘Therefore powdered rosin, when blawn into the 
ame of & lamp, barns vividly. In many places éllu- 
minting gas is prepared {rom it, by letting it drop in a 
‘melted state upon coke, which is heated to redness in 
‘an iron cylinder (rosin-gas). 

Bernt Pitch. — Mf the rosin, after it has burnt for some 
‘time, is extingnished by putting a board over it, we 
sulbactam are fanart 


‘Black és prepared on a large scale by u similar method, 
Resinous wood, or the resin itself, is barnt with an in- 
‘sulficient supply of air in a stove furnished with long 
flues, or with a chamber in which the smoke depositn 
‘its carbon on its passage through. 

Brperiment.— Vf some amber in scattered on glow- 
ing chureoal, « vapor having a pleasant balsamic odor 
is emitted from it as it smoulders away. Amber, 
frankincense, benzoin, and mastic are om this account 
frequently used for furnigating purposes. 

677. ecipharai= Nips aed = Rabe Caer 
waling-wax for some minutes upon @ pice of cloth, 














lac contains, besides the resin, small quantities of wax 
and mimellaginows substances, which float about undia- 
‘solved in the solution of resin. This solution is also 
e as» lac varnish, but mach more frequently: 
so-called polish of the cabinet-makers ; that is, as 
azolution of resin, which they rab continuously upon 
‘the wood with a ball of linen, until the alcohol has 
By this means a yet smoother and finer 
‘Polish is obtained than by merely applying the resinous 
solation with a brush, the marks of which frequently 
remain visible, The finer articles of furniture are 
‘usually polished, the more ordinary ones varnished. 
879. Resins and Oils. — Experiment. — Mix half an 
ounce of dammara reein with some sand, and pour over 
the mixtare two ounces of oil of turpentine; after a few 
days you wil] obtain an almost complete solution, as 
the volatile oils are likewise able to dissolve resins. 
‘These solutions are also frequently employed as Inc 
varnishes ; they dry, indeed, more slowly, bat form 
more tenacious conting, which is less linble to crack. 
‘The paler and finer varieties of varnish are principally 
aepeiene00D ee em Aamo, aes A 
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layer of glue was formed on the surface of the paper. 
‘This kind of paper allows the ink to spread, when the 
coat of glue hos been seraped off by erasure; but this 
may be prevented by rubbing some resin —sandarach 
is the best— upon the spots erased. 

Resins combine with bases, and their solutions red~ 
den litmus-paper. Accordingly, they may be regarded 

SSL. Composition of the Resins. — By alternate treat- 
ment of the resins with cold or hot, weak or strong ale 
‘cohol, or with ether, various kinds of resin may be ex- 
tracted from most of them, which have been designated 
balked alpha (a), beta (#), or gamma (,) resins, 

Phe natural resins arc accordingly to be regarded as 
mixtures of several simple resins, 

Only the three elements carbon, hydrogen, and oxy- 
gen (C, H, O) occur in the resine, That they contain 
somewhat more oxygen, and less hydrogen, thun the 
volatile oils, has already been stated (§ 566) ; but, never- 
theless, they belong to the bodies rich in hydrogen, since 
they barn with a strong flame. 


GUM-RESINS. 


G82. If you divide a stem of poppy, lettuce, or celan- 
dine, a white or yellow jnice exudes, which dries up in 
the air or by the heat of the sun, forming a yellow or 
brown amorphous mass. This milky juice consists of 
‘a solution of gum, intimately mixed with ininute drops 
of resin; thus it forms a natural emulsion. This kind 
of dried, half-resinons, half-gummy vegetable juice is 
‘called, from these two proximate constituents, gum-resin. 
Many plants of hot climates are especially rich in such 
reeling, and from them are principally obtained the gum- 














GUMS AND GUM*RESINA. ost 
sated in the air, is obtained from a tree in Persia. It 
yields an agreeable odor upon glowing coals, and hence 
is much used for famigating purposes. 

‘Opium, a milky juice, which exudes from incisions 
made in the heads of unripe poppies, and is inspissated 
by exposure to the air; it occurs in large lumps of a dark 
brown color, having a bitter taste and an offensive nar 
eotic odor, ‘The soporific effects of it are well known. 

Lactucarium, of a brown color, and having somewhat 
‘the odor of opium; it is the inspissated juice of several 
kinds of lettuce. 

Opoponax, Sogapenum, Scammony, and many others, 


PROPERTIES OF THE GUM-RESINS 


583, Experiment. — Triturate some one of the gum- 
resins with water; the gum is hereby dissolved, and a 
turbid, milky liquid (emulsion) is obtained. If this is 
boiled for some time, the softened particles of resin cake 
together, and separate as lamps; the liquid, having be- 
‘come clear, contains now only the gum in solution. 


time, the resin only is dissolved, while the gam remains 
undissolved. The well-known tincture of myrrh is a 
solution in alcohol of the resinous particles contained: 
in the myrrh. Most of the gum-resins contain, besides: 
resin and gum, « small quantity also of volatile oils, to 
which they owe their peculiar odor, 


CAOUTCHOUC (GUM ELASTIC). 


584. There exudes from several large South Amer- 
ican trees, when incisions ure made in them through 
49° 


be ——__ii 








prevei sticking 

in bottles, in which lye, key ix kept; 

See aieitray wr hant osied with 3 recasin lubricous for 
‘along time. 


_ Caoutehoue acquires an extremely high degree of 
elasticity by intimately mixing it with sulphur, or sul- 
pharet of ursenic (vudeanized caoutchouc). 

Caoutchouc is one of the few solid bodies which con- 
tain wo oxygen; it consiate only of carbon and hydro- 
gen, 20 that it may be regarded, as it were, as con- 
densed petrolearn, or as condensed illuminating-gas. 

Gatla Percha.— Under this name, within a short 
time, a substance resembling canutchous has occured 
in commeres, which ia procured from the milky juice of 
































ORSTRACTIVE MATTER. 585 
come solid and har Sri reat teas 
trary, without hardening (unctuous 
ila). 

& The fats are resolved, by strong inorganic bases, 
Jato pecoliar acids insoluble in water (fat acide), and 
into um organic base (oxide of glyceryle). ‘The scpa- 
tated fat acids hereby combine chemically with the in- 
organic bases, forming soaps. ‘The alkalies form, with 
the fat acids, soaps which are soluble in water; the ox 
ides of the earths and metals, on the contrary, form 
soaps which are insoluble in water, 

9. The wlatile oils, by the addition of oxygen, pass 
into resins; often also, at the same time, into acids, 

10, The resins evince no great affinity for oxygen; at 
least they do not alter, however long they may be ex- 
posed to the air. 

11, Many of the resins combine with the ulkalies, 
forming soaps soluble in water; with the cartha and 
-motallic oxides, forming soaps insoluble in water (revin- 
ous Bomps). 

12. Balksams are mixtures of resins with volatile oils; 
gemresins are mixtures of resins with gun. 

v 


4! 


£85. Extracts. —'The vegetable substances hitherto 
considered are, if we except the volatile oils and some 
resine, moetly without taste and without any striking 
medicinal effect; most of them occur very gencrally dif 
fused in the vegetable kingdom, and are found in al- 
most all vegetables, But we observe in many plants n 
peouliar taste, and when swallowed a peculiar effect 
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MIL EXTRACTIVE MATTER 























ie te Oe coe itn 

Kknown substances, such as starch, sngar, albu- 

ten, &, have been removed from them, a brown or 
‘soluble masa remaina behind, 

possesses in a greater degree the taste 

fs the medicinal effet of the’ pla plant from which it has 


y }, aromatic bitter (in the root of the sweet. 
in hops, &e.), acrid! (in senega-root, soapwort, &c.), 
{in liquorice-root, root of couch-grass, &e.), mare 
utic (in hemlock, henbane, &¢.). ‘The name was ob- 
lously a very convenient one, eince it applied to all 


jr from this, that most vegetable substances, for ine 
(ance, sugar and guin, when they are boiled for a long: 
‘me, or merely exposed to the air, are converted into 


town, 
687. The reason why all extracts have a brown or a 
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anueh like the inorganic bases (potuesa, soda, ammonia, 
&e.); that is, they are able to neutralize acids and to 
form salts with them 


their chemical behaviour shall have been more accu 
ately asceriained by further investigations. As yet, 
too little is Known about them to enable us to express 
aay decided opinion conceming them. The number of 
the plants now known exceeds a hundred thousand, and. 
it is not improbable that extractive matter is to be 
found in most of them; consequently they present a 
fine Geld for new divcoveries, After what has been suid, 
we may include under the term extractive matter all 
sorts of chemical substances of indifferent erystalliza- 
ble, and of indifferent brown, uncrystallizable matter, to 
which in most cases we ascribe the peculiar taste and 
the peculiar medicinal ellects of plants. Most of them 
are churacterixed by a bitter tuste, and hence are fre- 
quently called bitter substances. Some of them, name- 
Ay, those which are ingoluble in water, do not evinee the 
taste peculiar to them notil they are dissolved in some 
‘other liquid, for instance, in alcohol or ether. 

589. The best known of these peculiar substances will 
now be briefly referred to. ‘Their names (as also the 
names of coloring matters and of the organic bases) are 
uevally formed from the Latin names of the plants, 
‘with the addition of the affix én or ine. 

Absinthine, from wormwood, very bitter; patie 
crystalline mass. 

from the bitter almonds, slightly bitter, 
| srystallizes in lustrous silky scales; it hax the very re: ~ 
ene rrvedy 2 halng, wonverted. into mmalatecl 











COLORING MATTER. 693 

eo hte aa ig ler 
cherries, raspberries, &c., but slightly 
Serine ed cling conection 


#): Fees case utd ts scat aces 
from Mexico, The well-known red carmine is obtained 
from it, and in dyeing establishments a very brilliant: 
scarlet and purple red is prepared from it. ( Cochineal- 
‘ved, reddish-purple, crystalline grains.) 

A.) Lacelake, or lac-dye, is 9 reddish-black, resinous 
‘oass, which is obtained in the preparation of shellac 
(§ 670); it contains a red coloring matter very similar 
‘to cochincal-red. 


592, Yellow Coloring Substances. 

@) Fustic is the rasped trank-wood of a mulberry- 
tree growing in the West Indies. (Morine, crystallizes 
in yellow necdles, soluble in water.) 

B) Quercitron, 2 nankeen-yellow powder, mixed 
‘with fibrous fragments, is obtained from the bark of the 
Black onk, a tree of North America. (Quercitrine, a 
yellow powder, eoluble in water.) 

©) Buckthorn, Persian, ot yellow berries are the fruit 
of the buckthorn, growing in warm countries, and 
gathered before they are ripe. (Coloring matter only 
‘Known as an extract, soluble in water.) 

@) Weld und dyer's weed are the names given to the 
Reseda Iuteola, dried after it has done blooming. (La 
teoling, crystallizes in yellow needles, soluble in water.) 

‘The four last-mentioned coloring substances are 
principally used for dyeing silk, wool, cotton, and other 
materials, 


«) (Adeiokio, orléens; Coonts we 4 brownlsh-red paste, 
cee Pease be She ply Gerealicing the seeds 
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parts of the plant which arc exposed to the light; it is 
obvious from this, that the chemical compound which 


ing matter is very soon decomposed ; it is, therefore, not 
at all suited fora substance, except, perhaps, 
for cordials and other liquids. In the autamn it is con- 
verted in the leaves themselves into leaf-ycllow and 

leafed, probably by a process of oxidation. 
is an extract prepared from the juice of the 

‘buekthom berries, by the addition of alum. 

594. Blue Coloring Substances. 
Tneligo. — Several plants of hot climates contain a 
colorless juice, from which, after standing in the air and 
abstracting oxygen from it, a blue sediment is depos 
ted, that, when dried, forms the well-known indigo, 
‘This substance, very important to science and the arts, 
tusnally occurs in commerce in deep blue, frinble cakes, 
‘which exhibit, when mbbed by the nail, a coppery 
color and lustre. Its brilliant blue coloring matter is 
‘ealled indigo-blue ; but besides this, the crude indigo 
‘contains other foreign substances, such as indige-glaten, 


i 
Tudigo is quite insoluble in water, alcohol, ether, &ev 
there is only one liquid known which can dissolve it, 
fuming sulphuric acid (§170). ‘The indigo-blac chem- 
ically combines with the sulphuric acid, forming a blac 
soluble in water, which is called sulphin- 
digutic acid. What we call tincture of indigo is prine 
cipally a mixture of water, sulphindiyotic aeid, and free 
sulphuric acid. 
‘The sulphindigotic acid combines like a simple acid 
with bases, forming salts. ‘The best known of these 





from the indigo. ‘The deoxidized, colorless indigo dis» 
solves im the alkaline liquid (warm vat). By treating 
indigo with bodies which readily part with oxygen, for 
instance, with nitric acid, chromic noid, &c., we have 
in modem times became acquainted with some very 
interesting products of oxidation (isatine, isatinic acid, 
anilic acid, picric acid, &e.). 

Woad is a European plant, which likewise contains 
indigo, but in far Jess quantities than the foreign in- 


Lagwood, or Campeachyaoood, the reddish-brown in+ 
terior wood of a tree of tropical America, is one of the 
most common coloring matters for dyeing blue, violet, 
and black. (Hamatoryline, in yellowish erystals, which 
‘become specdily violet and blue in the nir, owing to the 
ammonia always contained in the latter.) 

Archil. — Several species of lichens, growing on the 
voeks in Hagland and France, contain peculiar sub- 
stances (orcine, erylhrine, &c.), which, although in 
themselves colorless, acquire a beautiful purple-red color 
when they are acted upon by ammonia. It is com 
mon to putrefy the bised lichens with urine, and 
‘then a red or violet-colored paste is obtained (cudbear, 
persio, orchil). By the addition of lime or potassn, this 
ted is changed into blue (lifmus). We have examples 
‘of both these coloring matters in red and blue teste 
Paper. 


595. Experiments with Coloring Substances, 
Experiment a.— Take up some sandal-wood on the 
point of a knife and put it on a filter, and pour over it 
some alcohol ; the alcohol which passes through has a 
ed color, and, when poured upon a picec of wood, im- 
parts to it an intense blood-ted color. 
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fastic, another of them with the Brazilwood, and the 
third set with the logwood decoction, and agnin dry 
them. You will find that one and the sume coloring 

‘matter produces a different color, or ehade of color, upon 
each of the five sheets, This color will be very elight 
when the colored decoctions are applied to mere blot 
ting-paper (f). If you now immerse the colored and 
dried strips in warm water, the colors will be for the 
‘most part dissolved from the three last tests (d, ef), 
‘but not from the former (a, b,c). Those salts which, 
like alum, salt of tin, and green vitriol, have the power 
of forming insoluble combinations with the coloring 
‘matters, and fixing them firmly in the fibres af the cloth, 
‘are called mordants, and are generally employed in dye 

-calico-printing establishments, to fix the pige 
‘ments upon the various materials, euch as silk, wool, cot 
ton, linen, &e. That which effects the coloring is an 
insoluble Jake color, that is, a combination of the color. 
ing matter with alumina, peroxide of tin, or sesquioxide 
‘of iron, but which, in order that it may adhere firmly, 
must first be formed within the pores of the vegetable 
fibre. If it is formed on the outside of them, it only 
covers the fibres externally, and then merely adheres 
mechanically upon them; such a color may be removed 
from the material by mbbing, shaking, and also by 
washing. 

"The process pursued in the printing of calico, &e., is 
yery similar, with this difference, however, that the 
mordants are only applied in spots, or else the whole of 
‘the cloth is first covered with the mordant, which is 
‘again removed in spots (§197), When a piece of cloth 
‘thus treated is immersed in the coloring decoction, the 
‘coloring matter will be precipitated only in those places 

covered with the mordant, and thus, instead of one une 





sonous and medicinal properties of the plants. Many of 
them are virulent and dangerous poisons; but in very 
small doses they ure energetic medicines. One grin 
frequently possesses the same medicinal power as an 
ounce, or even several ounces, of the vegetable sub- 
stances from which they were obtained. 

‘The vegetable bases, when they are digeolved, are 
almost without exception precipitated by tannic acid aa 
nearly or entirely insoluble tannates, for which ren- 
son liquids containing tannic acid, such as tincture of 
gall-imts, decoction of green tea, or of oak-bark, &e, 
are not only employed as reagents for tectingreart 
table buses, but also as efficient antidotes in cnves of 
poisoning by them. 

~The vegetable bases occur generally in combination 
with vegetable acida) They are separated from these 
acids, and extracted from the vegettble mutter, by add- 
ing to the Intter some water, and an acid which is 
stronger than the vegetable acid and forms with the 
Base an ensily soluble salt (mnviatic acid, sulphuric 
acid, &e.). If an inorganic base (potassa, lime, ammo- 
Bin, magnesin, d&ec.) is added to the acid solution, the 
organic base is then precipitated. But there are also 
numerous othgr methods of preparing these bases; all 
of them, however, are long and complicated, for the 
feason that many other substances are also extracted 
from the plants at the same time with the bases, which, 
in yery many cases, can be separated and purified only 
by laborious operations. 

587. Some of the most important organic bases 
‘are: — 

Aconitine, from the Aconitum nnpellus (monk's 
hood), a white, granular powder, extremely poisonous; 
He of a grain will kill « sparrow. ; 

Oo 
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in 

of morpbine* is much used in medicine. By later 
investigations there have also been found in opiam 
prendo-morphine, narcotine, narceine, codeine, and the- 
baine. 


Piperine, from white, black, and long pepper; in 
white crystalline needles. 


Solanine, from several species of the solanum, par 

ticularly from the white sprouts of the potato; as a 
white powder, or in crystalline, colorless needles; a 
narcotic poison, 
— Steychnine, from the nux-vomica (the seeds of the 
Strychnos nux-vomica), and from the Indian arrow- 
poison ; crystallizes in prisms or octahedrons; very 
poisonous. There is another base, brucine, occurring 
along with it. 

Veratrine, from white hellebore, und the seeds of the 
gabadilla; a lustrous white powder, extremely poison- 
ous; when introduced into the nostrils, it excites the 
most violent sneezing; 'z of a gin will kill a cat. 

‘The following are volatile and liquid : — 

Conicine, from hemlock, principally from the seeds; 
a colorless oily liquid, of a nauseous, strong odor; very 

— Nicotine, from the leaves of the tobacco, colorless, 
oily, having a smell like that of tobacco. Highly poi- 
sonous; one fourth of a drop will kill a rabbit, 

Vegetable bases muy also be artificially produced, for 


instance, — 
Antline, from indigo, or from pit-coal tar. 
Sinammine, from mustard, &e. 


‘© In this counizy the wulphats is moat generally employed. 
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XV. ORGANIC ACIDS. 


698. Te organic acids are found much more fre 
2 io aa mln dnietaer an nilnanpl rises 
in the vegetable Several of ther occur 
2 ey Sea hence the acid taste which 
‘we perceive in so many vegetable substances, especially 
in anripe froits, They are frequently, also, completely 
neutralized by bases, or arc insoluble, as in the resins, 
‘and in both these cases they are not recognized by the 
taste. Besides these acids occurring in nature, many 
‘also have been discovered, which may be artificially pro- 
duced from other non-acid vegetable substances; thus, 
oxalic acid and formic acid are prepared from sugar, 
acetic acid from alcohol, the fnt acids from fats, &e. 
‘The general properties of these acids have already been 
mentioned (§ 193, &e.) ; we shull here notice only those 
which are best known. 

699. Racemic acid occurs in the juice of many grapes, 
and crystallizes like tartaric acid, to which it is very 
similar, in colorless, very acid-tasted prisms. 

600. Gitric acid exists in the juice of lemons, and 
also in that of currants, gooseberries, and many other 
fruits. By cvuporating the juice of the lemon, we only 
obtain an acid brown extract, because all the other non- 
volatile constituents, as well ns the citric acid, remain 
behind; but if the juice is neutralized with chalk, a 
difficultly solable citrate of lime is precipitated, while 
the foreign substances remain for the most part in sola- 
tion. We obtain from citrate of lime, by decomposi« 
thon with diluted sulphuric acid, gypsum and a solu 
tion of citrie acid, which yields on evaporation colorless 
prismatic crystals, A mixture of the pleasant aeidu- 

61° 


a 


asolation of tannic acid remains for a long 
‘time exposed to ‘the air, it will be converted into two 
new acids, gallic und ellagic acids. Consequently, bath 
are to be found in tinctore of nut-galls, and in ink, 


iain oh time. Gallic 
in white needles or prisms; its eolution 


tannic acid, a blue-black precipitate with 
Se nee dronitout Ib coos hot tan the 
re eee 
‘are the principal dye-stuils and tanning substances 
“Soong see produced on oak-leay 
are on ves by 
percchiee of an. Sree. itis: taste ican AME 
‘Minor, and consist nearly one half of tannie acid; ine 
ferior sorts are brought from Italy and Hungary, The 
gulbuuts formed on trees in Germany contain but little 
tannic acid. 


“) Catechy, the brown, dry extract of the Acacin 


.) Kino, the brownish-black extract of a tree grow- 
‘ing in the East Indies. 

d.) Sumach, or Rhus, the braised leaves of several 
kinds of rhos; very important in dyeing. 


| —— 











proximate 
Pane omted of 3m the preceding section, it. 
seen that they are composed eye iciinrtbralen = 
(G, H, 0), or of four elemente (C, H, 0, N). We may 
accordingly regurd the organogens, carbon, hydrogen, 
oxygen, and nitrogen, as the four main pillars of the 
world. Next to them, sulphur and phospho« 
rus appear widely diffused in the vegetable kingdom, 
‘since they form essential constituents of the albuminous 
eabstance never failing in ony plant. But tho list of 
the chemical substances occurring in plants is not yet 
finished; for were it +0, plants would be completely 
Sees 8s Sk whet any tng being left behind. 
) the combustion of every plant a residue re- 
Se Gitta nether sens. up nee Foladlinnag conse 
BE ies rae iss ok oetees hada eet 
tible organic compounds, some incombustible inorganic 
substances, ‘The latter are termed ashes. 

608. ‘The term asies is just as indefinite as that of hu- 
mos. Humes is the term generally applied to all those 
black or brown substances formed during the decay of 
organic matter; but by ashes are understood all the non- 
Yolatile and incombustible substances whieh remain be 
hind after the incineration of organic matter, How very 
different these may be, both in quantity und quality, is 
obvious from even a superficial observation of the three 
bgat known kinds of ashes, those of wood, peat, and 

From a hundred pounds of wood we obtain 
only balf a pound, or at most three pounds, of ashes ; 
from a hundred pounds of pit-voal or peat, twenty 

or thirty pounds of azhes. Wood-ashes contain very 














but they are also chemically changed, since 
from their several insoluble constituents soluble salts — 
for instance, salts of potassa, soda, lime, &c.—are gen= 
which may be absorbed by the roots of the 
Every thing which promotes the weathering 
sce hid adaeres ari dlegeerrddenpieecth 
he soil (§ 258), mixing it with lime (§ 240) or neidx 
186, &c.) — will accordingly, na a general rule, 
‘a beneficial influence upon the growth of 


State 


Hig 


substances contained in arable soil have 
‘a brown or black color, and are designated by 
term humus (§ 444). They partly consiat 
leaves and brariches, which haye fallen off, 
deeaying roots of plants remaining behind in 
oe partly of decomposing vegetable or ani- 
manure pat upon the soil, It has already been 


HE 


ammonia, and water, and for this reason cause a more 

Yigorons growth of the plant. They likewise act favor- 

ably on vegetation, because by reason of their dark 

color the soil is heated more strongly by the rays of the 

sun, because they loosen the soil, and finally, becanse 
5 
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these results are effteted, but we have nearly ascer- 
tained the external conditions under which they take 
place, and the sourees from which the above-named 
elementary substances ure taken. 

‘That plants require for their germination and devel- 
opment soil, water, air, warmth, and light —those 
universal conditions of vegetable life — is well enough 
known; while the chemical investigations of modem 
times, and those instituted by Liebig, have 
first diffused a clearer light as to what single constitu. 
ents are taken up from the earth, the water, and the air 
by the plants, and serve them as means of nourishment. 


UNCULTIVATED PLANTS (MEADOWS, FORESTS, &c.). 


614. Food of Plants.— Plants absorb their nourish- 
ment partly by the roots, partly by the leaves. It fol- 
Tows from this, that the nourishment must either be 
fiquid or aeriform ; for in these two forms only cam it 
penetrate into the fine pores of the rootfibres and 
leaves. Plants receive their hydrogen and oxygen from 
the water, their carbon from carbonic acid, their nitrogen 

incipully from ammonia, their inorganic constituents 
chiefly from the earth. Water, carbonic acid, ammonia, 
and a small number of inorganic salts, are accordingly 
to be regarded as the nourishment of plants. 

a.) Water furnishes the planis with oxygen and hy- 
drogen.— The plants imbibe it a4 a liquid, by their 
roots, from the earth, and a8 vapor, through their leaves, 
fron the alr, Water is moreover essential to plants, in 
#0 for ns it occasions, by its fluid condition, the for- 
mation of the solid vegetable parts; for all the solid 
ingredients of the plants are developed from the juice, 
rendered Hiquid by water. 


— - | 
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‘becomes free, and escapes, but its carbon remains be- 
hind in the plants. The plants inhale carbonic acid, 


Mh prince mae of plants consists of vegetable 
tissue, starch, gam, mucus, sugar, &e., each composed 
of three elements ; all these may be produeed from car- 
bonic acid (C O,) and water (HO), when the elements 
of the water combine with the carbon of the carbonic 
acid. If this happens, the oxygen of the latter must 
necessarily be liberated. From 


Carbonic scid = Carbon, Oxygen, 

and Water = = Hydrogen, Oxygen, 

are formed Hydrogen, Oxygen, Carbon -}- Oxygen 
rie auabors 


‘Vopraite nus, in, aucun, sugar, A (We iiberat. 
It is aleo, perhaps, possible that the elements of the 
carbonic acid combine with the hydrogen of the water, 
and that accordingly the oxygen which becomes free is 
derived from the water; the chemical process would 
then be different from that just stated, but the results 
would be exactly the same, From 
‘Water, = Hydrogen, Oxygen, 
and Carbonic acid = Carbon, Oxygen, 
ure formed Carbon, Oxygen, Hydrogen -- Oxygen 
egicaia Larue, arch, mucin ugar, 6 Ci earn 
6) Ammonia furnishes plants with nitrogen, — When 
vegetable and animal matters decay, ammonia (N H,) 
62° 
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to us to be annihilation is, however, only decay; the 
form only passes away, the matter itself is unchange- 
able. From the disgusting substances of decay ure 
formed again the living wonders of the vegetable world. 


Pig. S18. 


Dat alone ot pn Tavtng plant 
d.) Plants are furnished, throvgh the soil and water, 
with the requisite inorganic matters. — Our arable land 
is constantly undergoing changes; the organic matter 
contained in it decays, the inorgunic is decomposed by 
the action of time and weather. By the last 
soluble salts are always forming from insoluble rocks, 
which salts muy now be absorbed by the roots of plants, 
Weathering takes place also beneath the surfuce of the 
earth, and indeed wherever air and water can pene- 
trate into the mass of rocks, The substances thus 
rendered soluble are taken up by the min-water, and 
constitute the salts contained in our common spring 
and river waters; accordingly, in many places plants 
‘can reeeive from water aleo inorganic matter, Finally, 
the air likewise contains inorganic substances which 
fave been conveyed into it by evaporation (§ 182), 
especially from the ocean, and also by the force of the 
winds, and which are diffused by it over the whole 
earth. These are returned again to the carth in min, 
dow, snow, &c., and thus we can no longer wonder at 
finding in plants salts (for instance, common salt) not 
existing in the rocks from which the soil serving a8 a 
habitation for these plants has been formed. The 
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Soe crutlenenatnaeee gman 
‘are generated on the earth never 
| salleran intermission. ‘The air alone would accordingly 
waffice for the nourishment of planta, if they could only 
find in the soil the necessary inorganic salts in solution. 
‘Bot asa structure advances more rapidly when it is 
‘worked upon at several parts at the same time, so the 
| growth of a plant proceeds more rapidly and more luc~ 
wriently when it can take up nourishment from sev- 
eral different sources, not only by the leaves, but at the 
same time also by the roots, All vegetable and animal 
‘substances are converted by decay into water, enrbonic 
cid, and ammonia; hence it is quite natural that such 
substances, when they decay in 2 moist soil, shonld 
promote the growth of the plants sown in that soil. 
Hereby is explained, du in part only, the beneficial in- 
fluence exerted upon vegetation by the universally used 
animal and vegetable manures, as, for instance, the so- 
called hummslike sabstances formed from excrement, 
‘rine, horn-sbavings, bone-dust, guano, straw, leaves, ke. 
617. But tho reception of these universal means of 
‘nourishment, and their transformation into organic mat- 
ter by the vital activity of the plants, can, as already 
mentioned, only take place by the aid of the inorganic 
salts. If these are wanting in a soil, the seeds sown in 
it may indeed germinate and grow for a while, becanse 
they contain within themselves a certain quantity of 
‘those inorganic constituents which the plants require 
for their growth, but the growth will cease when the 
‘constituents are exhausted in the development of the 
young plants. Nature provices, indeed, for the forma- 
tion of soluble substances in the earth, by the gmdual 
action of the weather; but these are not sufficient to 
yield a rich harvest year after year from the same fields, 


and it is therefore indispensable to mix these constit- 


‘venta artificially with the soil in order to maintain ite 
fertility. This is done, either directly by those mineral 


moved again from the animal body by the arine of an- 
imals, the insoluble by the solid exerements; and thus 
is explained, in a simple manner, why the excrementa 
of animals fed upon oats are the most appropriate and 
most fal manure for oats; those of animals fed 
‘upon peas, clover, or potatoes, the best manure for peas, 
clover, or potatoes. In these saline or inorganic sub- 
stances consists the second mode of operation of the am- 
imal and vegetable manures, 

Since the diferent kinds of plants require different in- 
organic substances, and diferent quantities of them, for 
their nonrishment,—some, for instance, principally salts 
of potassa, others salts of lime, and others again phos 
phates or silicates, —so it is advantageous in the eulti- 
vation of plants to make such an alternation (rotation of 
crops) that a potassa plant ehall be followed by « lime 
plant, and this again by a silica plant, &e. In this 
way, it is possible to obtain from a field which is ex- 
hausted for one kind of plant a second or a third crop: 
consisting of a different species of plant, without the 
necessity of manuring it each time, | 

GIS. It is clear from these hints, that chemistry alone 
can give to the farmer a knowledge of the constituents 
of his soil, of the constituents of the plants which he 
wishes to cultivate upon this soil, and of the substances 


= | 


which must be added to it in order that the plants may 
find there all that is necessary for their nourishment, 
Inducement enough is hereby offered to every farmer to 
cultivate & more intimate acquaintance with this sci- 
ence, a8 the only guide to be relied upon in his prac~ 
tical experiments and occupations. 


RETROSPECT OF VEGETABLE MATTER 
IN GENERAL. 


1. Wie a plant lives, a constant motion, and a 
constant reception, change, and surrendering of certain 
neriform and liquid substances, are continually taking 
place in it, If these substances are wanting to the 
plant, its growth and life cease; we therefore regurd 
them aa food for the plant. 

2, These substances all belong to the inorganic com- 
pounds ; they consist, — 

@) Of a combination of hydrogen and oxygen (water). 

6.) Of a combination of carbon and oxygen (carbonic 


acid). 
¢,) Of a combination of nitrogen and hydrogen (am- 
‘monin). 

d) OF inorganic acids and bases (salts). 

3. From these substances are formed, in an incom- 
prehensible manner, the juices of the plants, and from 
these the single parte of the plants (organs), together 
with the innumerable vegetable substances which we 
find in them. 

4. The vegetable substances may be classified by dif- 
ferent methods. We may classify them,— 

L According to their more or less general difiusion: — 
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sium, sodivs, and tron. ‘These must be introdeced into 
the animal body in order that it may grow and lire. 
How this happems may be shown most simply in the 
constitution of the egg and of mitk. 


— 


L THE BGG. 


‘The egg, a8 is known, consists of the albumen, the 
polit, and the sheil. 

622. Albumen. — The white in the hen’s egg consists 
of cells, in which is contained a colorless alkaline liquid, 
‘lbumen. On evaporation, we obtain from it one 
of solid albumen; the rest is water. When 
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count of the Iatter property, it is used for clarifying 
turbid liquide, eapecially the juices of eugur. 
Experiment.— Stir up some honey in warm water, 


‘upon the foreign substances floating in the liquid, bears 
them to the surface, and incloses them within itself as 
it coagulate; the liquid thereby becomes clear and 
transparent, and may be separated by a strainer from 
the coagulated albumen. 

‘The constituents of animal albumen are just the 


een Et (oot wah of 0a) may be extracted from 


@ 























Ailtered liquid a few drops of muriatic acid, the caseine 
separates from it as a white flaky mass; accordingly, 
the animal cascine is likewise congulated and rendered 
insoluble by acids in the same manner as vegetable 
enseine (§ 452), with which it exnctly agrees in consti- 
tution. Pare caseine is insoluble in water, but it dis 
‘solves in it when alkalies are present; these always 
exist in the milk, and keep the cascine in solution, The 
alkali (oda) is withdrawn from the euseine by the 
acids which mre added, and the cazeine then separates 
in the familiar form of new cheese. Cascine is an 
albuminous substance, that is, it contains, besides care 
bon, hydrogen, and oxygen, also some nitrogen and sul- 
phur in its constitution. 

627. Albumen. — Experiment,—If you filter the ca- 
seine from the liquid, and then boil the latter, it again 
becomes turbid, although less so than before. It is the 
alfwmen which separates, small quantities of it being 
present in all milk. 

628, Experiment.— Let a small piece of the dried 
membrane of the stomach of a calf (rennet) remain 
standing one night in 2 spoonful of water, and afters 
‘wards pour this water upon a quart of new milk; the 
milk, after having stood for some hours in a warm 
place, will coagulate into a gelatinous mass, which bs 
to be put upon a filter. What remains behind consists 


NILES 633 
and the latter then unite together, forming masses of 


cascine, 

Butter, like the vegetable fats, consists of a solid fat 
(margarine) and a fluid (oleine), and it has also exactly 
‘the same properties (j 533). But besides these two 
kinds of fat, butter contains a small quantity of a pe- 
ealinr fat (butyrine). If butter remains exposed some 
‘time to the air, como volatile fat acids having a dis- 

amell and taste will be generated in it; 
‘these canse the rancidity of butter. If butter that has 
Become rancid is boiled several times with double its 
quantity of water, these acids will be removed from it, 
and the butter, on cooling, will have regained its agree- 
able flavor, 

G32. If you let milk stand for some time in open ves- 
gels, its sugar of milk is gradually converted into lactic 
acid, and this, like every other acid, causes a curdling 
of the milk, and at the same time its well-known sour 
taste, But the curdling first commences after most of 
‘the oll-globules have collected on the surface (sour 
eream). From this cream butter is most usally pre- 
‘pared with va, and therefore the buttermilk remaining 
(a mixture of curdied caseine, Inctic acid, and water, 
‘with some particles of butter remaining behind) has ao 
acid taste, ‘The so-called curd benewth the cream con= 
‘tains only some traces of fat, and consists accordingly 
of water, lactic acid, and coagulated easeine. By preas- 
ing we obtain from it the sour whey, and, as a residuum, 
caseine, from which our common shine 
mith cheese is made. When kept damp this onder 
goes a decomposition (putrefaction), by which ammo- 
nia is generated, which forms with the caseine a soft 
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‘Bat exnetly the same, and only the same, elementary 
substances are found also in the animal body; accord- 
ingly, it must be conelnded that the constituents of the 
IE Ss Seley  kerrmmnslbe predicates 
development of the young chicken, and the constituents 
of the milk which forms the food of the young Mam- 
amalia are weed for the growth and nourishment of the 
latter, It is the same, also, with the constituents of 
the vegetable and animal substances, which serve us 15 
food. ‘Phe food is mixed up in the stomach with the 
gostric juice (a liquid containing free muriatic acid and 
common salt, which liquid is secreted by the inner skin 
of the stomach, —mucous membrane), and is thereby 
softened into a soluble, white, pulpy mass (chyme). 
‘The muriatic acid is likewise formed by a 
tion of common salt taking place in the body, and it is 
indispensable for the solution (digestion) of the food. 

of this action is, that water, rendered 
feebly acid by muriatic acid, is uble (after it has been 
previously left in contact for a day with a ploce of 
rennet) to dissolve, at a temperature of from 30° to 
40 C.,, hard-boiled albumen, flesh, and other food. All 
of the chyme which has become soluble is, during its 
passage through the intestines, absorbed and introduced 
us nourishment (ehyle) into the blood. ‘The changes 
‘which the food experiences in the animal body are there- 
fore the following: from the food is formed chyme, 
from this chyle, from this blood, and from the blood all 
the numerous orguns and parts of the animal body are 
generated, just a2 all the organs and parts of plants are 
generated from the vegetable juices. HI 
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animal body is formed from it. ‘Lhe blood remus 

behind retains, after the separation of the fibrine, ita red. 

color, and coagulates on boiling to a jelly of a dark- 

red color, as may be perceived in the so-called black- 

udding? The metamorphosis of the blood just treated 
| of is, accordingly, as follows: — 


‘Water, Albumen, Blood Corpuseles Fibrine 
‘remain liquid. becomes solid, 


| Fibbrine belonys to the albuminous substances; it is 


cas tonto ts iene tise. theese 
finally burn up, with the exception of some ashes, 
‘These ashes consist of alkaline phosphates (much soda, 

little potassa), phosphates of the alkaline earths (lime, 
magnesia), phosphate of the sesquioxide of iron, com- 
‘mon salt, and the alkaline sulphates; consequently, of 
‘the same constituents which we find in the ashes of our 
principal articles of nourishment (egy, milk, bread, &c.). 
In the vegetable kingdom we find these ash-constituents 


Jong as an animal lives, its blood is in a state of con~ 
‘stant motion and of constant change. Light-red blood 
streams out from the heart, through the arteries, into all 

‘Mixed with fats and aromatics, and inclosod in the prepared iste 


(Hines, tho Blood of this anima! (the pig] conotitutes the prea old in Ce 
Ss — Pereira on Pood ant 
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#. TV. THE FLESH. 
“What is commonly called meat (muscle) is likewise 


rey pened ih away gy te wo 
called jaice of 
640. a a a quar- 
ter of w pound of lean meat very fine, pour over it a 
of a pound of water, and, after lotting it atand 
minutes, prees out the liquid through a linen 
loth ; pour over the residue the same quantity of wa- 
ter, aquoeze ont the liquid, and mix this with the former 
Tiquid. In the reddish juice are contained almost all 
‘the soluble, and, at the same time, all the savory and 
odorous constituents of the flesh. If this juice is heated 
‘to 60° C., a frothy mass separates from it, which con= 
sists of congulated albumen. When the liquid filtered 
off from this is boiled for some time, « turbidaess again 
| emsues, which is caused by the coloring matter and 
Sibrine (§ 638) of the blood extracted also from the fleshy 
| Yehich likewise coagulate at a boiling heat. ‘The acid 
“broth or decoction (bowillon) now remaining behind 
contains free phosphoric and lactic acids, phosphate and 





tee - | 








ter, continue the boiling for several minutes, and then 
Jet it stand for some hours in the kettle on the henrth 
‘of the stove, where the temperature is about 70° ©, 
OL Eterm parm ets 

is immediately by the boiling water, 
Bet eagu ids cagtiict sus 0 cocteceee 
prevents the escape of the liquid, and likewise the pen- 
etration of the external water into the interior of the 


{6G Preparation of Broth, or Soup.— Wo roust mas 

age in just the contrary way if we wish to obtain a 
and abundant soup from the meat, To effect 
mince the meat fine, mix it uniformly with an 


ete tell ox a fow minutes, and finally strain off nnd 


bat this is a mistake, since the gelatine Steelf is quite 
Bama Sil eteen Bat cory engogn part Os 





drops of fresh ox-gall, in a little water, and add grad- 
ually to the solution sufficient common sulphuric acid 
eatirely to redissolve the precipitate formed ; if you now 
add a few drops of sugared water, or thin etarch-paste, 
the liquid, unless rendered too hot by the addition of 
sulpbaric acid, assumes « splendid violet-color. In this 


‘VL THE SKIN. 


646. The whole body of the animal is externally sure 
rounded by the solid elastic skia, which consists of a 
thick tissue of cells, between which ure small openings 
(pores). The annexed 
represents a piece of human skin 
abont the size of a mustard-seed, 





the body through the pores 
Experiment.— Pat a piece of fresh animal skin in 
water; it swells up in it without dissolving; if kept for 
some time, it passes over into an offensive 
Tf, however, the skin is boiled for some hours with war 
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smediam, or when smeared upon taffety as court-plaster, 
or mixed with the juices of fruits and sugar for the 
preparation of jellies. 

‘The anilers of the deer are likewise rich in gelatine, 
and on this account, when raped, yield, by long con- 
tinued boiling with water, a liquid which stiffens in 
the cold (hartshorn jelly). 

Small quantities of gluten occur also in broth, and 
in roast-broth, and impart to them, especially to the 
latter, the property of stiffening in the cold to a tremu- 
lous jelly. 

G43, Gelatine and Tannie Acid. — Experiment, —Ih 
you pour ome tincture of galls upon a solution of 
gelatine, or upon a decoction of meat, yon obtain a 

a combination of gelatine with tan 
nie acid, which is insoluble in water, and may remain 
‘exposed to the moist air without passing into putreface 
tion. For this renson, gelatine is an excellent means 
for clarifying liquide, for instance, wine, &c., from any 
tannin that they may contain. 

But this action of tannic acid upon gelatine is of 
far more importance, as it may be used for converting 
animal sking into Jeather. The gelatine of the skin is 
thus altered, as the gelatine in the experiment was 
When the skins are packed in Iayers with ground oak 
or pine bark (tan) in vats, and allowed to remain 
moistened with water till they are quite saturated with 
the brown tannin of the bark (fanning). ‘This penetrar 
tion takes place more rapidly by forcibly pressing the 
iguid containing tannin into the skin (quick-tanning). 
‘The brown sole and upper leather consist, accordingly, 
‘of cellular tiasue, the gelatine of which has become in- 
fimately combined with the tannic acid; it is now, 
especially when it is saturated with oil or fat, pliable, 
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‘three fourths of a dram of carbon is obtained; but this, 
en account of its minute state of division, possesses 
ch a striking bleaching power, that one ounce of 
bone-black acts far more powerfully than the same 
quantity of wood~oal. If ammonin is added to the 
Feeeaa SE Se tenis} phowptete of line lnngxin 
precipitated from it ax a white powder, because the 
‘muriatic acid is neutralized by the ammonia, and thereby 
loses the capacity of holding the bone-varth in solution. 
656, Ezperiment.— Pat a bone in a glass vessel, and 
pour over it some diluted muriatic acid; the bone will 
gmdually become soft and transparent, and finally pass 
into & cartilaginous translucent mass. The way in 
which the muriatic acid acts is obvious from the former 
‘experiment; it dissolves the bonc-earth, and the gelatine 
remains behind, since it is insoluble in muriatio acid 


Is employed in many factories for preparing glue from 
bones. The acid solution of bone-carth makes nn ex« 
cellent manure. That bone-carth is in fact dissolved in 
the acid is readily ascertained by the addition of am- 


657. In boiling out the bones with water, not only the 
eeeest fale boure, bat oso the gelatine lying in 
the external part, is extracted, and the latter may be 
entirely extracted when the boiling is performed in 
Hight vessels, as in this case the water is forced by 
the increased pressure into the interior of the bones 
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bivorous animals, principally of vegetable tissue, chlo- 
rophyll, wax, and insoluble «alts; in the carnivoroas 
animals, doge, for instance, frequently almost wholly of 
fnorganic substances, as phosphate of lime, magnesia, 
&e, mixed with but a very small quantity of organic 
matter. The beneficial influence of solid excrements 
‘on vegetation jx principally owing to the inorganic 
‘compounds contained in them (lime and magnesia, 
phosphoric acid, and silicic acid). 

660, By the urine, which is separated in the kid- 
neys from the arterial blood, the soluble salts eoutained 
in food, and also the nifrogen, no longer necessary for 
the vital process, are removed again from the body; it 
is natural, therefore, that the constituents of it, as like+ 
‘wise of the forces, should correspond exactly with the 
food consumed. If this is rich in soluble malts, the 
urine will also be rich in them; if this contains only a 
few soluble, but many insoluble sults, the urine will be 
poor in soluble salts, while the frees will be rich in in~ 
soluble salts. Consequently, the amount of inorganic 
substances in the animal excrement or manure may be 
Jost as accurately ascertained from the food which the 
animal consumes, as from the manure itself, The food 
has only to be burnt, and the remaining ashes ex- 
amined; those parts of it which are soluble in water 
‘correspond with the salts in the urine; those whieh are 
insoluble, to the organic substances of the frees. We 
find in the urine of cows and horses principally alka 
line carbonates, muriates, and sulphates (potassa, soda, 
and ammonia); in the urine of men, moreover, some 
alkuline phosphates. 

661. Nitrogen is contained in the urine, either in the 
form of urea, uric acid, or hippurie acid. Urine, like 
the juice of flesh, contains, moreover, creatine and 


creatinine (§640). 
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passes over into carbonate of ammonia. Thus is ex- 


663. Guano (bird-manure).— Guano, which in recent 
times has been in such demand as a manure, owes its 
eflieacy chiefly to the uric acid contained in it, or, in 
eo far as this has already undergone decomposition, to 
the ammoniacal salts formed from it, and in part also to 
inorganic salts (sulphate, phosphate, and marinate of 
potassa, soda, lime, magnesia, &c.) present in it, On 
account of the great difference in the article, it is indis- 
pensable that the farmer should test it before its appli- 
cation. This is done with sufficient accuracy for agri- 
cultural purposes in the following way. 

Experiment a.—Pour some trong vinegur over 
guano; no perecptible effervescence should ensue. A 
brisk effervescence would indicate an admixture of car- 
bonate of lime. 

Experiment b. — Heat half an ounce of ganno in an 
irom spoon over an alcohol latnp, or upon glowing char 
coal, till it is burnt to white ashes; good guano 
should only leave behind, at the most, one dram of 
azhes, How much alkaline salt this ashes contains 
may be ascertained by extraction with hot water; what 
remains are carthy (lime and magnesia) salt. ‘The in- 
ferior sorts of guano often yield after burning three 
quarters of ashes. 

Experiment ¢.— Treat half an ounce of pulverized 
gnano several times with hot water, and decant the 
liquid after it has become clear on settling; then dry und 
weigh the muddy mass which finally remaine; it should 
not weigh more than a quarter of an ounce. 

664. Hippuric Acid, — This azotized acid always oc 

55° 


RETROSPECT OF ANIMAL MATTER IN GENERAL. 


1. A constant motion is taking place in the living 
animal, aa well aa in the living plant,—an incessant 
receiving (eating, drinking, and breathing), changing 
(digestion, assimilation), and separating (secrution, ex- 
cretion) of weriform, liquid, und solid bodies. 

2. In-a chemical point of view, animal life is distin- 
guished principally from vegetable life by the uninter- 

reception of oxygen, and separation of carbonic 
acid and water. (Among the Infusoria, however, there 
are some which exhale oxygen.) During the life of 
plants, on the contrary, carbonic acid and water ure re- 
ceived, and oxygen separated. 

8, Besides water, air, and some salte, those substances 
only serve for the nutrition of the animal body which 
are produced by means of vegetable or animal life, 
‘Phe plant consumes carbonic acid, the animal vego- 
table tissue, sugar, gum, fat, &c.; the plant consumes 
ammonia, the animal albuminous substances, for ine 
stance, gelatine, albumen, caseine, flesh, blood, &e. 

A. The first series of the above-named means of 
nourishment, those rich in carbon, serves for the main- 
tenance of the respiratory or destructive processes, and 
for the generation of animal heat (clements of respi- 
ration); the second clase, that of the means of mourish- 
ment rich in nitrogen, serves for the maintenance 
of the nutritive or formative process (plastic elements 
of nutrition). 

5. Animal substances may be divided :— 

L. According to their composition, — 

a.) Into non-azotized substances (fat, sugar of milk, 
&e.). 

4.) Tato azotized, albuminous substances (albumen, 
canting, flesh, fibrine, &.). 





A SYNOPSIS 


OF THE MOST IMPORTANT TESTS FOR ASCERTATNING 
THE PRESENCE OF THE MORE COMMON CHEMICAL 
COMPOUNDS, ESPECIALLY WHEN IX SOLUTION. 


1. Alkalies and their Salts. 

‘Duxsx are not precipitated by carbonate of ammonia, 
sulphuretted hydrogen (H 8), or sulphuret of ammo- 
nium (NH, HS). 

2. Salts of Potassa. 

Tartarie acid, in exeeas and in a concentrated solu- 
tion, produces, especially after violent agitation, a white 
crystalline precipitate. (Tartar, § 194.) 

Platinum solution gives « yellow crystalline prectpi= 
fate. (Chloride of platinum und potassium, § 394.) 

3. Salts of Soda. 

Antimoniate of potassa produces, in neutral or alka- 
Tine solutions of soda salts, a white precipitate. (Anti- 
moniate of soda, § 404.) 


4. Salts of Ammonia. 
Caustic lime or caustic potassa, especially on heating, 
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liberates the ammonia, which is easily recognized by 
its pungent odor. Heated on platinum foil, the salts of 
ammonia are readily volatilized. (§ 229.) 

Platinum solution reacts in the same manner as with 
potassa salts. (§ 392.) 

5. Alkaline Earths. 

These are precipitated by carbonate of ammonia, as 
carbonates of a white color, but not by HS or NH, 
HB 


6. Salts of Baryta and Strontia. 

Sulphuric acid produces a white precipitate, insoluble 
in acids (sulphate of baryta and of strontia). ‘The be- 
ryta salts impart a yellowish color, and the strontia salts 
a crimson color, to the flame of alcohol. (§ 248.) 


7. Salts of Lime. 

Sulphuric acid produces only in concentrated solu- 
tions of lime a precipitate, which is redissolved in a 
large proportion of water. (§ 241.) 

Ozalic acid and ammonia indicate mere traces of lime 
by a milky turbidness,, (§ 197.) 


8 Salts of Magnesia. 


Sulphuric acid causes no precipitate or turbidness 
(§ 249.) 

Phosphate of soda and ammonia produce, but not im- 
mediately, in diluted solutions, a white crystalline pre 
cipitate. (Phosphate of magnesia and ammonia, § 251.) 


9. Salts of Alumina, 


These are precipitated by ammonia, carbor vate of anf]! 
monia, and also by NH,, HS, as hydrate of * the orié 
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of alomina. Potassa in excess dissolves the hydrate of 
oxide of alumina, which is again precipitated by chloride 
of ammonium. (§ 260.) ‘Lhey are colored blue on being 
boated to redness with cobalt solution. (4 262.) 


10, Metallic Salts. 

Ammonia precipitates from their solutions the oxides 
as hydmtes; carbonate of ammonia also precipitates 
them (partly as carbonates, and partly as hydrated ox- 
ides). 

HS added to an acid solution precipitates the fol- 
lowing metallic oxides a# eulphurets:— 

@) Black; lead, bismuth, copper, silver, mercury, 


f.) Dark brown ; tin (protoxide). 

¢.) Orange; antimony. 

d) Yellow ; tin (peroxide), cadmium, arsenic, 

Of these, the sulphurets of platinum, gold, tin, anti- 
mony, and arzenic, are soluble in NH, H 8. 

NH, HS precipitates also as salphurets the followe 
ing, which are not. precipitated by sulphuretted hydro« 
gen alone from their acid solutions: — 

@.) Black; iron, cobalt, nickel. 

b) Flesh-colored ; manganese, 

) White; xine (also alumina and oxide of chro- 
mum as hydrates). 

LL. Salts of Protoxide of Iron. 
aad & greenish-white precipitate, passing to 
dark green, and finally to reddish-brown. (Hydrated 

protoxide of iron, § 285.) 

Ferrocyanide of potassium; « light blue precipitate, 
becoming finally dark blue, (§ 292.) 

Tincture of nutgalls; a violet precipitate, passing 


660 CHEMICAL TESTS. 


gradually to blue-black. (Tannate of protoxide of iron, 
§ 285.) 


12. Salis of Sesquioxide of Irom. 

Ammonia; a reddish-brown precipitate. (Hydrated 
sesquioxide of iron, § 285.) 

Ferrocyanide of potassium; a dark-blue precipitate, 
(Prussian blue, § 292.) 

Tincture of nutgalls ; a blue-black precipitate. (‘Tan- 
nate of sesquioxide of iron, § 285.) 


13, Salts of Manganese. 

Ammonia; a white precipitate, soon passing to light 
and then dark brown. (Hydrated protoxide of manga- 
nese, § 300.) 

HS; a flesh-colored precipitate. (Sulphuret of man- 
ganese, § 300.) 


14. Salts of Cobalt. 


Potassa; a blue precipitate, gradually becoming 
green. (§ 307.) 

Blovpipe ; melted with borax, they give a blue bead. 
(Cobalt glass, § 304.) 





15. Salts of Nickel. 


Potassa; a light green precipitate. (Hydrated pro 
toxide of nickel. § 307.) 


16. Salts of Zine. 

Ammonia; a gelatinous white precipitate (hydrated 
oxide of zinc), which redissolves in an excess of ammo 
nia; white sulphuret of zine is precipitated from this 
solution by NH, HS. 

Blowpipe ; heated with carbonate of soda upon chr 
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coal, a yellow incrustation is formed, which becomes 
white on oooling. (Oxide of zine, § 310.) 


— 17. Salts of Tin. 


Solution of gold causes in solutions of protoxide of 
| tin a purple-red color or precipitate, (Gold purple, 
$822) 
HS; in the protoxide solutions, a dark-brown fre 
cipitate (protosulphuret of tin); in the 
lations, a yellow precipitate, (Biralphuret of tin, §325,) 


18, Salts of Lead, 

Sulphuric acid ; «white precipitate insoltible in acids. 
(Sulphate of lead.) The same is rendered black imme- 
diately by NH, HS. (§ 935.) 

Blow-pipe ; heated with carbonate of soda upon char 
coal, malleable metallic beads arc formed, together with 
‘a yellow incrastation upon the coal. (4 331.) 


19, Salts of Bismuth, 
Water, added largely to solutions of biswuth, eansen 
a white turbidness, with a precipitation of « basic salt 
of bismuth. (§ 317.) 
Blowpipo ; if heated with carbonate of soda upon 
charcoal, we obtain brittle metallic beads, ( 345) 


20. Salts of Copper. 

Ammonia causes a greenish-blue precipitate, which 
redissolves in un excess of ummouia, forming a deep 
blue liquid. (§ 353.) 

Ferrocyanide of potassium + ‘ purple-red precipitate, 
(Ferrocyanide of eopper, § 292) 

Polished iron; % sible of metallic copper. 


(§ 152) 
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Blowpige ; when heated with carbonate of soda upm 
charcoal, and washed with water, spangles of metalic 
copper are obtained. (4 355.) ‘ 


21. Salts of Mercury. a 1 
toxide of mercury (§ 368) ; from the peroxide salts, ye 
lowish-red peroxide of mercury. (§ 371.) 

Protochloride of tin precipitates on: boiling metallic 
mereury. (§ 375.) 

Copper, on being rubbed with » solution of mereury, 
assumes silvery appearance. (§ 969.) 

22, Salts of Bilver. 

Muriatic acid; a white, curdy precipitate, soluble in 
ammonia. (Chloride of silver, § 381.) 

Blowpipe ; heated with carbonate of soda upon char 
coal, glistening malleable metallic beads are formed 
(§ 381) 


23, Salts of Gold. 

Protochloride of tin ; a purple-red precipitate. (Gold 
purple, § 388.) 

Green vitriol ; a precipitate of gold powder. (§ 387) 

24. Salts of Platinum. 

Potassa ; a yellow crystalline precipitate. (Chloride 
of platinum and potassium, § 394.) 

Blowpipe ; reduces the salt toa metal. (§ 393.) 

25. Salts of Sesquioxide of Chromium. 

Potassa ; a bluish-green precipitate (hydrated oxide 
of chromium), soluble in an excess of potassa, forming 
a dark green solution. (§ 400.) 


26, Salts of Chromic Acid, 
Sugar of lead ; a yellow precipitate. (Chrome yel- 
Wk, § 399.) 
acid and aleokol; conversion of the yellow 
‘or reff color into green by heating. (§ 400.) 


27. Compounds of Antimony. 

HS; an orange-colored precipitate. (Sulphuret of 
antimony, § 407.) 

Blosopipe ; heated with carbonate of soda, brittle 
metallic globules are formed ; and also white fumes and 
a white incrustation upon the charcoal, ($403) 

Marsh's test (§ 418). 


28, Compounds of Arsenic. 
HS; a yellow precipitate, (Sulphuret of arsenic, 
$416) 
Reduction test (§ 413). 
Marsh's test (4 417). 
29, Salts of Sulphuric Acid. 
Chloride of barium ; » white pulveralent precipitate, 
insoluble in acids, (Sulphate of baryta, § 171.) 
Sugar of lead; a white precipitate insoluble in dix 
luted acids. (Sulphate of lead, § 835,) 
30. Salts of Sulphurous Acid. 
Sulphuric acid evolves a gas having the odor of barn- 
ing sulphur. (§ 174.) 
BL. Salts of Phosphoric Acid, 


Chloride of borium; a white precipitate soluble in 
acids. 


nll 
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EXlver solution; ». yellow prockpltshtin: ‘Prighnh d 
silver, § 176.) 

Solution ‘of magnesia and emmenia; ae, 
tate, (See No. 8) 


2, Salta of Spnmitesbahd act 
Chloride of barium; white peecipitato soluble ia 

Swiphuric acid and alcohol, when heated with them, 
present a green flame. (§ 182) 

83, Salts of Nitric Acid. 

Indigo solution and sulphuric acid ; by boiling, the 
fecble blue-colored liquid is changed in color by the 
liberated nitric acid. 

Glowing charcoal causes a deflagration of the nitrates 
(§ 207.) 





84. Salis of Chloric Acid 
Act like the nitrates towards solution of indigo, and 
upon glowing charcoal; but, when heated with mu 
atic acid, they evolve the odor of chlorine. (§ 150.) 


35. Chlorides or Salis of Muriatic Acid. 

Silver solution ; a white, curdy precipitate of chlori 
of silver, readily soluble in ammonia. (§ 186.) 

Peroxide of manganese and sulphuric acid ; evolutict 
of chlorine on heating. (§ 151.) 

36. Iodides. 

Silver solution; a yellowish precipitate of iodide 
silver difficultly soluble in ammonia. 

Peroxide of manganese and sulphuric acid ovals 
iodine in violet fumes. (§ 210.) 
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Starck paste and nitric acid ; blue color, (lodide of 
starch, § 165.) 


‘37. Sulphurets. 
Muriatic acid evolves from most of them a gas hay- 
ing the odor of rotten egg. (HS, §§ 132, 213.) 


38. Salts of Carbonic Acid, 
Muriatic acid liberates from them with effervescence 
an odorless gas. (§§ 202, 237.) 
is rendered milky by them, (Carbonate 
of lime, § 116.) 
39, Salts of Oxalic Acid. 
Solution of gypsum causes a white precipitate. (Ox- 
alate of lime, § 197.) 
Heoted upon platinum foil, they are decomposed 
without charting. (§ 197.) 
40. Salts of Tartaric Acid. 
Potassa precipitates tartar, as in No.2. (§ 194) 
Heated on platinum foil, they are decomposed with 
separation of much carbon, and give off the odor of 
burnt sugar. (§ 194.) 


41. Salts of Acetic Acid. 

Sulphuric acid produce on heating an odor of vin= 
gar. 

Sulphuric acid and alcohol, an odor of acetic ether, 
(§ 198) 

Heated, they are charred, and give off the odot of vine 


egur. (§ 198) 
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CHEMICAL SYMBOLS AND EQUIVALENTS. 


Alominem 
Antimony 
Arvenic 
Bariam 
Bismuth 
Boron” 
Bromine 
Cedminm 
Calcium 
Carbon 
Cerium 
Chlorine 
Chromium 
Cobalt 
Copper 
Didymiom 
Erbiom 
Florine 
Glucinam 
Gold 
‘Hydrogen 
Todine 
Tidiom 
Tron 
Lanthanium 
Lead 
Lithiom 
Magnesium 
Manganese 
Mercury 
‘Molybdenum 














Potassiam 
Rhodium 
Ruthenium 
Scleniam 
Silicium 
Silver 
Sodiam 
Strontiam 
Sulphur 
Tantalam 
Tellurium 
Terbium 
Thorium 
Tin 
Titaniom 





i 
g 
g 





ney ROS Rm 
oid 
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N. B.— The atomie weights and equivalents are assumed to be equal 
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